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Abstract
Egyptian mummification and funerary rituals were a transformative
process, making the deceased a pure being; free of disease, injury, and
disfigurements, as well as ethical and moral impurities. Consequently, the
features of mummification available to specific categories of individuals hold
social and ideological significance. This study refutes long-held classical
stereotypes, particularly dogmatic class associations; demonstrates the
apocryphal nature of universal heart retention; and expands on the purposes of
excerebration and evisceration implied by synthetic and radiological analyses.
Features of the embalming traditions, specifically the variable
excerebration and evisceration traditions, represented the Egyptian view of
death. Fine-grain analyses, through primary imaging data for these traditions,
have recently been made possible on a large scale through the development of a
radiological mummy database. The IMPACT Radiological Mummy Database is a
multi-institutional, collaborative research project devoted to the scientific study of
mummified remains through primary data from medical imaging modalities. This
first application of IMPACT addresses the evolution of Egyptian excerebration
and evisceration, and how suites of features in mummies of differing age, sex,
status, and location differ and how they relate to the fate of the recipient’s afterlife
and to sociopolitical and ideological changes and interactions.

Keywords: Mummification, Ancient Egypt, Excerebration, Evisceration,
Palaeoradiology, IMPACT Mummy Database
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We all know what a great impression these practices made upon Herodotus, the
first tourist to put on record an account of his Egyptian travels. His narrative has
been widely quoted by modern archaeologists, many of whom are so imbued
with respect for antiquity as to put more trust in the strange jumble of a
dragoman’s tales reported by him than in the evidence of their own eyes – from
direct examination of the actual mummies. – Smith, 1914:189.
Death is experienced by the members of every society, inviting the idea
that it is experienced in a similar fashion by every society. For some, however,
death is a final dissolution into an eternity of nothingness, for others the transition
to a permanent and enduring form able to watch over one’s kin, and for others a
trying passage to an afterlife separate from the world of the living (cf. Metcalf &
Huntington, 1991; Reynolds & Tanner, 1995). The vast range of conceptions of
what happens to our friends, neighbours, rulers, enemies, and ourselves when
the flesh cools (if that is indeed where life ends for a particular society), and the
forms that those conceptions take, seem to belie the fact that death comes to
everyone regardless of age, sex, status, creed, or colour.
Just as the range of conceived endings to the human life-course is vast,
so, too, is the range of social responses to the death of an individual:
Corpses are burned or buried, with or without animal or human
sacrifices; they are preserved by smoking, embalming, or pickling;
they are eaten – raw, cooked, or rotten; they are ritually exposed as
carrion or simply abandoned; or they are dismembered and treated
in a variety of these ways. Funerals are the occasion for avoiding
people or holding parties, for fighting or having sexual orgies, for
weeping or laughing, in a thousand different combinations. (Metcalf
& Huntington, 1991:24).
The funerary choices made by the kin and community of the deceased, between
the extremes of physical reduction by cremation and physical permanence by
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embalming, represent the fundamental attitudes towards death in the society in
which the deceased lived.
With the mortuary rituals of societies that intentionally and
anthropogenically mummify their dead we are afforded a special opportunity; the
chance to examine, not only the preserved soft tissues of the deceased, and so
better understand their health and demographic details, but also the body made
artifact by the mummification process. The body bears the signs of the processes
used to make permanent the remains of the deceased, and in doing so illustrates
the purposeful, meaningful acts deemed essential in transforming a corpse into a
mummy and in transitioning the deceased to their next social role. The beautifully
preserved remains of three millennia of ancient Egyptian mummies, and the even
larger corpus of indigenous and classical literature for this early civilisation, are
unparalleled for early civilisations and permit a deep understanding of Egyptian
social organisation and ideology.
Ancient Egypt presents an ideal laboratory to test models of mortuary
theory. With its well-documented social and religious practices, and its excellently
preserved mortuary remains, Egypt provides a particularly good case by which to
examine the role social and ideological/religious factors can be said to be
proximate or secondary determinants of mortuary ritual, and to what extent they
may themselves be affected by mortuary practice. Analysis of the components of
mummification and their composition, as they vary with geographic,
demographic, and social conditions, demonstrates both how these features relate
to Egyptian societal relationships and how time and socio-political interactions
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with Egypt’s neighbours brought about change in these relationships. At the
corporate group level, the interplay of identity, self-interest, and social
manipulation can be observed in relation to ideals of mortuary practice manifest
in categories of mummified remains. Even the agency of individuals may be
demonstrated in departures from and novel additions to those ideals of a
particular time, region, or facet of identity. The ideals which mummification
represented changed across time, space and identity, and the goal of this study
is to identify changing ideals for Egyptian mummification – rather than relying on
untested, monolithic, pan-Egyptian stereotypes – against which individuals can
be examined for the small (or large) differences, from the ideal, that made them
living people in the past.
Physicians and other scientists have examined mummies using a variety
of techniques, ranging from thorough, but destructive, autopsies that include
histological and chemical analyses to non-destructive techniques such as
radiographic imaging. The application of radiological studies to Egyptian
mummies has even provided a test bed for modern medicine’s views of some of
the important diseases of the 21st century. Cardiologists, for example, are now
looking at atherosclerosis in ancient Egyptian mummies (Allam et al., 2009) and
questioning the risk factors associate with heart disease that form the basis for
public education programs. This alone is a powerful public case for large-scale
radiological mummy studies through their substantial contribution to
palaeopathology and its useful application to modern society. Owing to the
importance of non-destructive imaging and comparative data to the study of
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mummified remains, this project has developed the IMPACT Radiological
Mummy Database, a large-scale radiological and archaeological context
database for anthropological and palaeopathological investigations. IMPACT is
intended to move mummy studies from a very limited, case-study approach to a
comparative, populational approach, more in tune with epidemiological
paradigms in play in modern medicine and, increasingly, in palaeopathology.
My research program, facilitated by the IMPACT database, contributes to
two major questions regarding mummification in ancient Egypt. The first is: Why
mummify the dead of Egypt?; specifically, how do the suites of features in
mummies of differing age, sex, status, and location differ, and what relation might
those bodily differences have to the fate of the recipient’s soul(s) and afterlife?
The second question is: How and Why did Egyptian mummification evolve?; in
this case, in what ways did excerebration and evisceration features evolve, and
was their evolution driven by elite motivations down or from commoner
motivations up? Answers to these questions may be approached by examining
the origins, temporo-spatial trends, and status associations in the mummification
tradition, with respect to their precedence, coincidence, or antecedence to
documented intrasocietal and extrasocietal sociopolitical and ideological changes
and interactions.
The second chapter of this dissertation reviews the literature of
anthropological and social archaeological studies of death, and discusses the
historical and social frameworks into which past mummy studies have been
integrated. The content of the reviewed literature forms a modern stereotype for
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the study of mummified human remains in ancient Egypt, and the two chapters
following it examine the correlation of large-scale synthetic and radiological
studies to both ancient and modern stereotypes. Chapter three focusses on
excerebration and treatment of the brain, with particular attention to the
underappreciated variability in this practice and its purported associations with
status in its sole ancient testimony by the Greek historian Herodotus. The
Herodotean stereotype forms a hypothesis that is tested through a large-scale
synthetic study, integrating both literature and computed tomography (CT) data,
and using new primary radiological data from the IMPACT database. Chapter
four turns the same attention to evisceration and treatment of the body cavity and
organs by demonstrating variability and by testing the foundations for modern
evisceration stereotypes, the classical accounts of Herodotus and Diodorus
Siculus. As in the excerebration studies, the findings of the synthetic study are
tested using new primary data from the IMPACT database. Testing using primary
radiological data from the IMPACT database is, in both chapters three and four,
presented in each chapter as an addendum to the main article, which must be
published in extenso owing to its acceptance or pending acceptance for journal
publication. The radiological markers of the varied mummification features are
also demonstrated in primary data in these chapters. The fifth chapter discusses
the IMPACT Radiological Mummy Database in detail, both in terms of its
technical and philosophical aspects. This chapter covers the database’s practical
necessity in mummy studies and its contributions to the fields of mummy studies,
palaeopathology, museology, radiological informatics, modern medicine, and so
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on. The final chapter summarises the anthropological and social historical
significance of the findings of the excerebration and evisceration studies, relative
to the social and political transitions discussed in the previous chapters.
The mortuary rituals that were practiced at any given time were reflections
of the beliefs, influences, and cultural mores of the time. A greater appreciation of
the variability and change in mortuary ritual across time, geography, and society,
requires a critical look at our current understanding of Egyptian mummification.
Large-scale, empirical testing of the stereotypes on which we have so heavily
relied in the past is an important step in advancing the study of ancient Egyptian
mummification, ideology, and society. The rituals transform the body, and a
clearer understanding of that transformation tells us a great deal about this early
complex civilisation and about its shared responses to the deaths of its members.

References
Allam AH, Thompson RC, Wann LS, Miyamoto MI, Thomas GS. 2009.
Computed tomographic assessment of atherosclerosis in ancient Egyptian
mummies. Journal of the American Medical Association 302(19):2091-2094.
Metcalf P, Huntington R. 1991. Celebrations of death, 2nd edition. New York:
Cambridge University Press.
Reynolds V, Tanner R. 1995. The social ecology of religion. Oxford: Oxford
University Press.
Smith GE. 1914. Egyptian mummies. The Journal of Egyptian Archaeology
1(3):189-196.
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2. Literature Review
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2.1 The Anthropology of Death

While humanity has concerned itself with its own local ways of dying since
the earliest of times (Aries, 1981), the anthropological study of death and
mortuary ritual is a product of only recent centuries. The beginnings of the
anthropology of death are found in the intellectualism of the 19th century,
following ideas about the evolution of religion from dreaming and death
awareness. From this evolutionary perspective, religion was seen to have
evolved as a “bifurcation of the individual into a material and an immaterial
component, which then provided an explanation of death in terms of the
separation of body and soul” (Metcalf & Huntington, 1991:28), thereafter leading
to a cult of the dead and formalised religion. At the turn of the 20th century,
however, this evolutionary conception of religion and afterlife, as derived from
little more than fevered imaginings, gave way to structural notions of religion and
mortuary ritual as cohesive factors in society through the work of Emile Durkheim
(e.g., 1995[1912]). For Durkheim, the ritualisation of death was the collective,
unconscious result of the intense psychological response to the loss of a member
of the society and an opportunity to reinforce social unity in such a time of stress
(1995[1912]).
Robert Hertz, a member of Durkheim’s L’Année school, examined the
representation of death using Durkheim’s special case method (see Durkheim,
1964[1895], also e.g., Durkheim, 1997[1897]), by focussing on secondary burial
among Borneo’s Dayak people (Hertz, 1960[1907]) as an illustration of the

	
  

	
  

	
  

10	
  

purposeful, representative connection between a society’s mortuary ritual
tradition and their conceptualisation of death (Metcalf & Huntington, 1991). Hertz
(1960[1907]) considered the “contradiction between continuity of extant societal
systems and the transitory nature of members in society” (Bartel, 1982:38) to be
key in the concept of an afterlife for the deceased and the development of
mortuary ritual that facilitates or ensures a successful transition to said afterlife.
Hertz’s stress on the ritualisation of transition in death played an important
role in the development of Arnold Van Gennep’s (1960[1909]) understanding of
rituals, including those surrounding death, as being primarily concerned with
transitions from one state to another. From Hertz’s work and his own study of
mortuary rituals, Van Gennep developed the well-known tripartite structure for
ritual, beginning with separation from one state (Alive) and progression to a
liminal state (Dying) before reintegration with society in a new state (Dead) (Van
Gennep, 1960 [1909]). Alfred Radcliffe-Brown (1922) further developed the
notion and importance of death transition, considering the gap left in a social
structure by the death of one of its members. The normal life of the community,
disturbed by death, requires collective ritual to reorganise and reintegrate the
society and to restore social equilibrium (Radcliffe-Brown, 1922).
Despite differing theoretical paradigms and rationales for the ritualisation
of death and the funerary treatment of the dead, Durkheim and Radcliffe-Brown
agree on the social cohesion that the death ritual confers (Radcliffe-Brown, 1922;
Durkheim 1995[1912]). Bronislaw Malinowski (1954) further supported this notion
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of the cohesive property of death ritual, as a means to return stability to the
society’s members, as well as reaffirm the society’s unity.
Hertz’s and Van Gennep’s structural approaches to death ritual continue
to be relevant to modern examinations of mortuary tradition (Robben, 2004).
However, universal generalisations of death ritual are no longer the goal. In the
place of a singular Death as “a transcendental and universal conception”,
anthropologists are primarily concerned with “only deaths and forms of deathrelated behaviour” (Fabian, 2004:50; also Seremetakis, 1991). A society’s rituals
surrounding death must be examined in the specific ideological, social, and
political context of that society in order to be properly understood, rather than
searching for a universal human cultural response to death (Metcalf &
Huntington, 1991). One universal, however, does appear to exist in the study of
death ritual; that is, a society’s responses to death demonstrate fundamental
aspects of the society’s social and ideological values.

2.2 The Social Archaeology of Death

The universality of death, as an inevitable part of the life-course, must be
reconciled by each society according to its own ideology, cosmology, and social
organisation. The removal of a member of a society from participation in
quotidian experiences, or from earthly existence altogether, illuminates the roles
played by that individual in society and the relationships which must change or
end at their death (Saxe, 1970). Death results in an occasion in which profound
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expressions of culturally specific symbolism may be produced (Chapman &
Randsborg, 1981; Cannon, 1989), reflecting and influencing a society’s values
(Geertz, 1973). Following from Parker-Pearson’s recognition that the body is “not
simply a biological entity but is a carefully crafted artefact” (2005:71), and Hertz’s
assertion that, through ritual treatment, “the fate of the body is a model for the
fate of the soul” (Metcalf & Huntington, 1991:34), these social values are
reflected also in the human remains and mortuary accoutrements that are
recovered archaeologically. The perturbation in the web of relationships is
reflected in the mortuary ritual of the society, such that archaeologically
recognisable patterns in treatment of the deceased provide a window into the
social structure of the society (Saxe, 1970), and into the beliefs that necessitate,
reinforce, and resist that structure.
Although Hertz called for detailed intrasocial analyses (i.e., age, sex,
status) of mortuary rituals (Hertz, 1960) in ethnography, similar analyses were
lacking in early archaeological examinations of the evidence of mortuary ritual.
Rather, a normative, culture historical paradigm, such as that described by V.
Gordon Childe:
Community of tradition imposes on all members of the society in
question a common pattern of behaviour. This must result in the
production of standard types, which, if they be artifacts, burial
rites or remains of repasts, archaeology can identify. (1956:9-10),
dominated archaeological inquiry until the 1960’s. Owing to mounting criticism
against normative, culture historical archaeology (e.g., Binford 1965; Renfrew
1977; Hodder 1978), there began a subsequent shift towards examination of the
social dimensions of mortuary practices.
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Arthur Saxe’s (1970) and Lewis Binford’s (1971) seminal works drove the
progress of mortuary archaeology towards an ideological and historicaldistributional approach in which intracultural variability in mortuary treatment is
the product of the social identities and social persona of the decedent. Drawing
from Ward Goodenough’s (1965) concepts of social identity (the variable, and
often mutually exclusive, social relationships an individual holds with others) and
social persona (the aggregate, negotiated social identities for a given interaction),
Binford and Saxe worked to explicate the intrasocial dimensions (age, sex,
status, affiliation, circumstances of death) of the social persona recongnisable in
funerary treatments and the structure of the society that performed them
(Chapman & Randsborg, 1981).
The social status of the individuals in cemetery populations, and the
complexity of the hierarchical structure formed by their relative positions, has
been an important line of inquiry in this paradigm. The relative expenditure of
energy and resources has been seen as an easily accessible pattern of mortuary
treatment, and has been attributed to status and the complexity of social
organisation (O’Shea, 1984), given that,
the passing of an influential person, on whom many people
depend for leadership or livelihood, is a momentous event and
perhaps a calamity. It leaves a large rent in the fabric of society.
The same is not true of the socially insignificant. (Metcalf &
Huntington, 1991:80).
Joseph Tainter (1977) expanded the notion of social differentiation in terms of
vertical and horizontal dimensions, which included those differentiations within
status ranks, such as descent group or sodality affiliation.
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This approach to mortuary analysis, examining the full range of variability
in mortuary expression, has been the dominant paradigm in mortuary
archaeology for the past 40 years, coupled with a growing awareness of its
limitations. Componential analysis of mortuary treatments is limited by “multiple
unique solutions, equivalency, and indeterminancy” (O’Shea, 1984:10) and the
range of variability may itself be limited by biological and physical conditions,
such as geography and climate (Forde, 1962, in Bartel, 1982), as well as
temporal shifts in ideology and the flux of fashion (Kroeber, 1927; Cannon,
1989).
Recent analyses of mortuary pattern, as an integral part of the social
system, connect the mortuary treatment of the individual to a social persona
consistent with, although not necessarily identical to, that individual’s living social
condition and connect the complexity of the overall variability in mortuary
treatments to the complexity of the society in which the individual lived (O’Shea,
1984). This is particularly evident in societies in which there is a standardisation
of funerary treatment, such that the specific levels of expense may correspond to
the social standing of the deceased and the executors of their volition (Suzuki,
2000). Aubrey Cannon (1989) notes, however, that death may provide an
opportunity for social advancement of others (see Morley, 1971; Fleming, 1973),
and the continuing elaboration of high status treatments (to differentiate
themselves from an emulative lower class) may result in a restraint of expression
that alters the status associations of treatments over time (see also Kurtz &
Boardman, 1971; Toynbee, 1971; Chapman & Randsborg, 1981). There is,
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furthermore, the issue of preservation, and the winnowing of some expressive
markers through their preferential preservation in the archaeological record (be
that through natural or social agents), that may complicate analyses.
The development of post-processual archaeology in the 1980s and 1990s,
brought with it a transition, from mortuary analyses based on the expression of
prescribed social roles, to those based on the manipulation of the burial context
by active social relationships among the living and the identities of the actors
(Meskell & Preucel, 2004). Early objection to the processual paradigm’s focus on
material culture in mortuary analyses was based on the idea that “[t]he
archaeologist cannot disregard meaning and symbolism in analysing ranking,
because behind the social system is a structure of meaning which determines the
relationship between material culture and society.” (Hodder, 1981:153 - original
emphasis). A decade later, Ian Morris (1992) attempted to reconcile the
processual and post-processual views by acknowledging mortuary treatment as
a formalised and constrained ritual, but not one immune to manipulation by the
ritual’s actors. The construction of the burial context is, according to Brown
(1995), heavily dependent on the ideological, political, and economic conditions
of the living, and more appropriately modelled in economic and political concepts
than in social personalities.
A reliance on the social personae of the deceased as the defining feature
of mortuary ritual continues to be a major post-processual objection to
processualist mortuary theory, ignoring as it does the use and manipulation of
ritual for the purposes of the living actors participating in them (Fleming, 1973;
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Keswani, 2004). Processual counter-arguments have largely dismissed this
concern as insufficiently prominent in less complex societies to outweigh the
strong correlations seen between their burial treatment and social hierarchy
(Trigger, 1990). Ethnographic examples (e.g., Parker Pearson, 1982; Metcalf &
Huntington, 1991), however, demonstrate that this concern is not without merit,
and Hodder’s (1981) early criticisms require a greater “understanding of the way
in which past systems of mortuary ritual were articulated with other aspects of
social structure, ideology, and economic life” (Keswani, 2004:10).
In this way, post-processual mortuary archaeology has drawn theoretical
basis from “European social science, from neo-Marxism to structuralism and
structuration, looked at society from the bottom up rather than the top down (e.g.,
from the active individual to different genders and struggling classes) and put
attitude, meaning and symbolism at the centre of human experience.” (Chapman,
2003:309, see also Criado, 1995; Lull, 2000). From such a theoretical synthesis,
the archaeologically visible aspects of mortuary ritual may be examined at
differing scales and representations of identity framed in ideological, social, and
economic contexts to examine differences within and between groups
(Chapman, 2003; Chenoweth, 2009). There is significant value in examining the
mortuary ritual of the ancient Egyptians, with their temporally extensive and welldocumented material and textual culture, as it is the “study of the relationship
between culture and biology in large samples of individuals and over long time
scales that is one of the strengths of archaeological research” (Chapman,
2003:311).
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2.3 Human Mummification

Mummified human remains are found on every inhabited continent of the
world and in every time period of the last nine to ten thousand years. The term
mummy, derived from the Arabic word mumia, for the bitumen thought to be used
in the preservation of Egyptian remains, has been applied to preserved human
remains throughout the world. While some apply the term mummy to mean any
human remains, it is most accurately applied to “all well-preserved dead bodies”
(Cockburn, 1998:1). More generally, the criterion for identification of remains as a
mummy is the presence of some soft tissue preservation. Vreeland (1998)
defines, within this criterion, three principle types of mummification: natural,
intentional natural, and artificial. Natural mummies are the unintentional result of
natural preservative conditions, including dry, cold, or hot environments; salty,
acidic, or alkaline soil; anaerobia; and the presence of absorbent substances
(i.e., sand, cotton) in the burial unit. Intentional natural mummies are the result of
“intentional exploitation or deliberate enhancement of natural processes”
(Vreeland 1998:155); that is, the use of cold or warm climate desiccation,
absorbent wrappings, or cemetery location for the purpose of indefinitely
preserving human remains. The final category, best known from the
craftsmanship of Egyptian embalmers, is the artificial (anthropogenic) mummy
which makes use of any or all artificial preservative measures, such as
evisceration, excarnation, excerebration, desiccation, antiseptic treatments and
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fillings, fire or smoke curing, and the use of reinforcing materials or other
embalming substances (i.e., resins, oils).
The mummification of human remains is a widely varied phenomenon and
its intentional practice is limited only by the need to diminish microbial action in
the remains. The motives for mummification are similarly varied, both between
and within cultures, although our understanding of them is often incomplete and,
in many cases, highly speculative. Among many peoples, the preserved remains
of the dead served religious and magical purposes, influenced by the political,
economic, and symbolic needs of the living (Hertz, 1960; Saxe, 1970). Our
understanding of the motivations for mummification in most cultures, however, is
largely incomplete. Even Egyptian mummification, for which we have arguably
the most information, is not fully understood, and it is unclear what benefits were
intended to derive from individual features of the mummification process.

2.4 Egyptian Chronology

The demonstration of trends in the variability of mummification
techniques requires the accurate attribution of individual mummies to accepted
chronological sequences and dates. This is particularly true of this study,
focussed as it is on socio-political interactions and transitions in ancient Egypt.
The chronology of Egypt used in the current endeavour is that found in
The Oxford History of Ancient Egypt (Shaw, 2000 – see Appendix A Chronology), which draws together multiple lines of evidence from important
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Period

Dynasties Included

Time Range

Predynastic

-

Prior to 3000 BC

Early Dynastic

1–2

3000 – 2686 BC

Old Kingdom

3–8

2686 – 2160 BC

First Intermediate Period

9 – 10 (11 in Thebes)

2160 – 2055 BC

Middle Kingdom

11 (all) – 14

2055 – 1650 BC

Second Intermediate Period

15 – 17

1650 – 1550 BC

New Kingdom

18 – 20

1550 – 1069 BC

Third Intermediate Period

21 – 25

1069 – 664 BC

Late Period

26 – 30

664 – 332 BC

Ptolemaic Period

(31)

332 – 30 BC

Roman Period

-

30 BC – AD 395

Byzantine/Coptic Period

-

AD 395 – AD 641

Table 1: Egyptian chronology, by period, used in this study.

studies such as Gardiner’s (1961) detailed examination of military and
monumental history and Trigger and colleagues’ (1983) social history of Egypt.

2.5 Historical and Political Context of Egyptian Mummification’s Evolution

For much of its history, Egypt’s political interactions were heavily
influenced by its geographic position (see Appendix B - Maps). The southern
reaches of the country were restricted by the narrow valley floors, high cliffs, and
rapids of the far upper Nile, control of which vascillated between Egypt and the
peoples of Nubia. The great Western Desert, the eastern extent of the Sahara,
formed an imposing barrier between Egypt and West Africa. Its oases and
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northern fringes also held a people with whom the Egyptians would have
extended contact; the Libyans, although Libyan cultural continuity with the early
Tjehnyu and Tjemhu peoples and with the peoples of the Siwa, Bahariya,
Farafra, Dakhleh, and Kharga oases is unclear (Gardiner, 1961). To the north,
the Nile delta opens on to the Mediterranean, where contact was made with
Minoan Crete and the Levant, and later with the Greeks, Phoenicians, and
Romans. Although Egypt gained much in its periods of trade with, and control of,
the Levant, the northeast route through the Sinai Peninsula was also the source
of various foreign threats, including the Hittites, Assyrians, Persians,
Macedonians, and waves of unidentified Asiatic interlopers. Along the remainder
of Egypt’s eastern border, however, the eastern desert, the Gulf of Suez, and the
Red Sea protected Egypt from similar aggression. Only at the Red Sea harbour
of Kuser, which made trade with the east African coast possible, was Egypt’s
interior approachable from this direction (Gardiner, 1961). For much of its early
history, then, Egypt was effectively isolated from threat of invasion while retaining
its ability to trade with neighbouring cultures.
The Greek historian Herodotus conveys an Egyptian sense of clear
national boundaries, with Egypt’s people being those who lived within these
boundaries (see Appendix C1 – Classical Excerpts – Herodotus, 2009[c.440BC]).
Foreigners, such as Libyans, Nubians, and Asiatics, were a thing of general
contempt; to be demeaned in Execration Texts (Flammini, 2008) and casually
labelled as vile (Gardiner, 1961). Indeed, the quintessential royal symbol
throughout much of Egyptian history was that of the pharaoh holding one such
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foreign enemy or another by the hair to smite them with a mace (Cashman,
2006).
The sense of cultural continuity established early in Egyptian ideology and
perpetuated by such royal iconography, however, lends an overly simplified air to
the socio-political changes that occurred in Egypt and with her neighbours over
the course of three millennia (Kuhrt, 1997a). In order to examine the influence
that socio-political change may have had on the mummification tradition, it is
important to identify points of contact and upheaval as Egypt extended its
influence into the Levant, colonised and conquered Nubia, interacted with its
Hittite neighbours and their Assyrian conquerors, was conquered twice by the
Persian Empire, subsequently ‘liberated’ by Alexander the Great, and inherited
by the Roman and Byzantine Empires.
Ancient descriptions of the Egyptian mummification process are extremely
rare, limited to two papyri (Pap. Boulaq 3, Pap. Louvre 5158) describing the ritual
elements that accompany embalming (Sauneron, 1952; Goyon, 1972) and
scenes from the Late Period coffin of Djedbastiufankh housed in the Hildesheim
Museum (Colombini et al., 2000). Few modern studies of the mummification
process, however, fail to mention the purported eyewitness account of
mummification written by the Greek historian Herodotus in the period of Persian
occupation of Egypt (490-480 BC). While Herodotus’ Late Period account
certainly represents the most complete account of the mummification process in
the ancient literature, its utility is limited in consideration of the mummification
practice as it evolved over three millennia and by its imprecise observations of
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technique and materials (Lucas, 1931; Leek, 1969; Pirsig & Parsche, 1991;
Colombini et al., 2000). Bob Brier and Ronn Wade (2001) suggest that, given the
hereditary and territorial nature of the embalmer’s trade, as discussed in the
Hawara Embalmer’s Archive Papyri (Reymond, 1973), the details of the
mummification process were trade secrets. Ancient Egyptian literature does,
however, provide the intent of the deceased’s time in the w’bt nt wty
(“workshop…of the embalmer priest”) and pr-nfr (“the place of making perfect”)
(Shore, 1992:232); to ensure the persistence of “the sah, the mummified corpse;
shuwt, the shadow; yib, the heart; and most importantly, the akh, the ka, the ba
together with the ren, the individual’s name.” (Fleming et al., 1980:2). The
generally accepted elements of Egyptian mummification are presented in the
following sections as part of an idealised sequence, much as they are presented
throughout much of the Egyptology literature, without the full appreciation of the
variability that is desired from closer examination and testing. This study will later
approach some of these idealised propositions as hypotheses for empirical
testing, particularly those in the classical accounts laid out in Appendix C. The
classical works describing patterns of mummification include Herodotus’ History,
Diodorus’ Library of History, and Porphyry’s De Abstinentia.

2.5.1 Predynastic and Early Dynastic Periods (prior to 2686 BC)

The earliest of Egypt’s mummies, from the predynastic Badarian and
Naqada cultures (prior to 3000 B.C.), were the result of natural processes (e.g.,
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Aufderheide, 2003). Buried naked, or wrapped in linen or reed mats, the body
was often laid flexed on its left side and positioned facing West (Lombardi, 1999).
Bodies were buried in sand pits, where they were exposed to the hot, dry,
absorbent Egyptian desert (Aufderheide, 2003). The late predynastic burials of
the Naqada II (Gerzean) culture also included inhumation in air-dried pottery and
wooden coffins, sand pits sub-divided by mud-brick, and early use of linen for
wrapping the body (Midant-Reynes, 2000). Naqada II, Naqada III, and Early
Dynastic, burials in Upper Egypt underwent a process of elaboration, with
increasing distinction between burials of elite and non-elite individuals (Bard,
2000), but this predynastic form of burial, and its resulting natural mummification,
continued to be employed by the lower classes throughout Egyptian history
(David & Tapp, 1992).
Disarticulated skeletal remains, occasionally re-organised in the grave,
have also been recovered from predynastic burials at Naqada (Petrie & Quibell,
1974, in Dunand & Lichtenberg, 2006) and Adaima (Taylor, 2001). Taylor
suggests that dismemberment of the corpse and a subsequent rejoining of its
components may have been part of the funereal ritual for the elite up to the 6th
Dynasty. Such a treatment may have been a recapitulation of the myth in which
the god Osiris was dismembered by his brother Seth, and explains the Pyramid
Texts’ entreatment to the dead to “[r]eceive your head, collect your bones, gather
your limbs together” (2001:48). Alternatively, Taylor (2001) suggests,
dismemberment may have been considered necessary to prevent the dead from
harrying the living. Dunand and Lichtenberg (2006) note the possibility that these
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disarticulated remains represent ritual secondary burial or a necessary
secondary burial following tomb robbing (Dunand & Lichtenberg, 2006). This last
possibility is very compelling, considering that tomb robbery has a long and
important history in ancient Egypt (Dunand & Lichtenberg, 2006), and was likely
the source of inspiration for the development of an artificial mummification
tradition among the Egyptians.
Early researchers questioned the autochthony of Egyptian state
development, owing in large part to its rapid development (cf. Kuhrt, 1997a) and
perceived racial affinities (e.g., Warren, 1897; Smith, 1910 in Batrawi, 1946;
Morant, 1925; Dart, 1939), to the degree that they could “think of a homeland for
the Ancient Egyptians and their civilization in every corner of the world except
Egypt” (Batrawi, 1946:136). Modern dental (e.g., Irish, 2006), body proportion
(e.g., Zakrzewski, 2003), and craniometric studies (e.g., Zakrzewski, 2007),
however, have reaffirmed both the autochthony and the biological continuity of
pre- and early dynastic peoples during the periods of agriculture development
and state formation.
The result of study of these early remains has been a renewed interest in
Egypt’s indigenous state formation, its transition to agriculture, and the biological
effects of its social and economic hierarchy, with consideration of the influence of
changes in subsistence (foraging to agriculture) and settlement (villages to towns
and cities); changes in sociopolitical and economic conditions (emergence of an
elite class); changes in ideology and funerary ritual; population pressures and
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environmental change (periods of increasing aridity) (Butzer, 1976); and contact
with neighbouring populations (Raxter et al., 2008).
Much of state formation and control has been attributed to dynamics of
local resource control, an expanding rivalry between neighbouring chiefdoms,
and attempts to control the Egyptian end of long-distance trade with
Mesopotamia and a Near East trade network that linked them to Nubia, northeast
Africa, Palestine, Syria, and Anatolia (Thompson, 2006). Given the complexity of
the situation, however, the search for a single root cause or driver for the rise of
the Egyptian state is misguided (Hoffman, 1980), as may be the search for a fully
unified Upper and Lower Egypt in the earliest dynastic times (Kemp, 1989).
Subsequent Early Dynastic royal bodies were interred in deeper tombs
that, lined with mud-brick (Lombardi, 1999), diminished or prevented contact with
the desiccant sand and resulted in skeletonisation of the remains. Likely having
noted the preservation of earlier remains, and the poor condition of more recent
remains, in the course of secondary and restorative burials, the Egyptians began
to experiment with the processes of artificial preservation for the remains of their
kings and queens (David & Tapp, 1992). The wrapping of corpses in hides and
linen, and the use of resin and linen padding, are attested to as early as the late
fourth millennium BC, and the extensive use of both fine quality and recycled
linen sheets and strips was in place by the 1st Dynasty (Taylor, 2001;
Aufderheide, 2003). The wrappings of the 1st Dynasty pharaoh Djer were
described by Petrie as being impregnated with resin, although only the jewellery
found on the arm remains today (Bard, 2000; Dunand & Lichtenberg, 2006).
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Aufderheide (2003) suggests that the use of resin-impregnated wrappings can
only be explained as an effort to preserve the shape of the body, although finds
of solid resin in predynastic burials (e.g., Randall-MacIver et al., 1902) suggest
an additional ritual importance to the material that may have been continued as
an anointment of remains. Quibell (1913 in Dunand & Lichtenberg, 2006) also
noted the preservation of body shape that the hardened resin conferred,
particularly in the preservation of the shape of the face and genitals.
In spite of these early attempts to preserve the form, if not the substance,
of the body, the dead of the Early Dynastic Period typically continued to be
buried in the same contracted position on their left side as they were in the
Predynastic Period (David & Tapp, 1992; Dunand & Lichtenberg, 2006).
Contracted burials, and coffins isolating the body from the hot desert sand,
resulted in very poor preservation in this period (Aufderheide, 2003).
The problem of long-term preservation of the flesh was not an unfamiliar
one to the Egyptians, who were already preserving meat and fish through
evisceration followed by salting or drying (Dunand & Lichtenberg, 2006). That
this process was not immediately applied to human remains bespeaks a
reticence to do harm to the body (Dunand & Lichtenberg, 2006), even for the
ultimate purpose of preservation. Such an aversion may have been carried on in
the ritual chastisement of the paraschistes (the priest responsible for the initial
abdominal incision), who was said to have been stoned for this damage done to
the body (Diodorus, 1933[c.50BC]: Bk.1, para. 91), and reduces the likelihood of
a predynastic ritual dismemberment tradition. By the middle of the third
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millennium, however, it became common practice to eviscerate the body in the
course of mummification (Fleming et al., 1980), removing the lungs, stomach,
liver, and intestines through a vertical incision in the left flank and storing them in
a stone niche or chest (Fleming et al., 1980; Iskander, 1980; Dunand &
Lichtenberg, 2006). According to the importance placed on it as the seat of
intelligence and emotion, the heart is often described in Egyptological literature
as always being left intact (cf. Diodorus, 1993[c.50BC]: Bk.1, para. 91), returned
if accidentally removed, or replaced by an inscribed heart scarab (Raven &
Taconis, 2005; Dunand & Lichtenberg, 2006). Near universal heart retention and
scarab heart replacement in eviscerated mummies are stereotyped features of
mummification and form important hypotheses for empirical testing. The kidneys
and other retroperitoneal structures were also often left intact by virtue of their
occult position in the body cavity (Brier & Wade, 2001; Raven & Taconis, 2005;
Dunand & Lichtenberg, 2006).

2.5.2 Old Kingdom (2686 BC – 2160 BC)

By the Old Kingdom, the Egyptian royalty was being routinely mummified
with evisceration via abdominal incision, external storage of the viscera, chemical
desiccation, and modelling of facial features (Fleming et al., 1980; Aufderheide,
2003). The examples represent the first successful artificial mummifications in
Egypt (David & Tapp; 1992). The evidence for artificial mummification beginning
by the 3rd Dynasty is largely based on the non-biological archaeology. Iskander
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(1980) cites the presence of canopic jars (even separate sarcophagi to house
canopic jars) and the switch to an extended burial position, as indications that
evisceration and, therefore, mummification had been performed. The
modification of burial position improved slightly the conditions for desiccation, by
reducing moisture concentration and contact compared to the contracted
position, and was deemed essential by Reisner (1932) to provide access to the
abdominal cavity. Were the contracted position preferred, however, it would be a
small matter to return the corpse to this position following evisceration, and the
extended position is likely as much a social choice (e.g., status differentiation) as
a purely pragmatic one. At this stage in the Egyptian evolution of mummification,
however, the degree of preservation remained poor, and the features of the face
and genitals continued to be moulded into linen soaked in resin or stucco
(Iskander, 1980; David & Tapp, 1992; Taylor, 2001). Indeed, resin use in this
period resulted in the only 3rd Dynasty royal mummy remains surviving to the
present; resin-impregnated bandages contain part of the foot possibly belonging
to King Djoser (Derry & Lauer, 1935; Dunand & Lichtenberg, 2006).
One substantial improvement during the Old Kingdom, however, was the
practice of chemical desiccation using natron (a mixture of sodium salts collected
from the shores of the Wadi el-Natrun lakes) in either solution or solid form.
While Herodotus’ Late Period reference to a liquid natron bath (Bk II, para. 86) is
now generally accepted as a mistranslation, Iskander (1980) and D’Auria and
colleagues (1992) have proposed that the very long period between death and
burial in the Old Kingdom - approximately 270 days according to the doorjamb
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inscriptions of Queen Meresankh III, rather than the 70 days prescribed in the
New Kingdom (Iskander, 1980) - may have been necessitated by the use of a
natron solution in this earlier period. Supporters of the natron solution theory
note the presence of a solution of natron in two burials:
(1) three of the four canopic jars of the 4th Dynasty Queen Hetepheres (the
fourth jar had a defect allowing it to drain) were found to contain her
viscera immersed in a 3% solution of natron (Iskander, 1980;
Aufderheide, 2003)
(2) the sarcophagus of Ptahshepses was found filled with a natron solution
(Ikram & Dodson, 1998).
The former has been alternatively explained as the solution resulting from
dissolution of dry natron in the natural water content of the organs placed into
canopic jars without preliminary drying (Aufderheide, 2003). The latter is
alternatively explained as leaching of dry natron from the mummy by
groundwater flooding of the tomb (Ikram & Dodson, 1998). Early researchers
were also drawn to the absence of the epidermis in some mummies, and sought
to explain it as sloughing of the skin during natron bath immersion (Aufderheide,
2003). While this does occur in submerged corpses, it is also likely that the
epidermis remained attached to the piles and bags of dry natron when they were
removed at the end of the desiccation period (Aufderheide, 2003). Additionally, it
is possible that Queen Meresankh’s 270-day wait simply represents a longer
ritual period between mummification and interment, especially given the elite
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status of those being mummified in this period, or that the tomb may not have
been ready at the time of the queen’s demise.
While her canopic jars raise the question of natron solution use, they do
indicate that Queen Hetepheres was eviscerated, and they contain her wrapped
viscera in the absence of the rest of her body (Dunand & Lichtenberg, 2006).
Queen Meresankh III’s burial included the earliest canopic jars, which began to
replace the niches and pits seen in early 4th Dynasty tombs (D’Auria et al., 1992).
The use of evisceration in the 4th Dynasty corresponds well with the elite
abandonment of the flexed burial position, lending credence to the assertion that
extension was as much socially necessary as it was technically necessary for
transabdominal evisceration, particularly considering that poorer (uneviscerated)
burials continued in the contracted form (Dunand & Lichtenberg, 2006).
By the time of the First Dynasty, Egypt’s rulers were exploiting the copper
and turquoise mines of the Sinai, exploring Punt (Eritrea/Somaliland) for exotic
trade goods, exploiting mineral resources in the Eastern Desert, and establishing
maritime trading connections with Phoenicia for Lebanese cedar (Starr, 1991;
Trigger, 2006). Contact with Minoan Crete may have begun during the Old
Kingdom, and, early in the Old Kingdom, Egypt expanded its overland
connections with Syria, Palestine, and Nubia (Thompson, 2006). The burial
practices of these three important regions, Crete, Nubia, and Syrio-Palestine are
pit and container (e.g., Minoan larnax) burials in varied, but primarly contracted,
positions (Childe, 1945; Vermeule, 1965; Gerharz, 1994; Ortner & Frohlich,
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2008), rather than the extended burial practice that was increasingly common in
Egypt.
Another key factor that improved preservation of mummified remains was
the use of packing materials in the eviscerated body cavity, as in the case of the
5th Dynasty mummy of Setka, whose body cavity was packed with linen following
evisceration (Iskander, 1980). At this stage, however, preservation remained
poor, and considerable effort continued in recreating the form of the body,
whether by modelling with linen the realistic appearance of tendons, genitalia,
and breasts (Derry & Lauer, 1935); by painting on eyes and eyebrows (Derry &
Lauer, 1935); or by moulding facial and other body features in resin or plaster
(Dunand & Lichtenberg, 2006). By the end of the period, the moulding and
painting of facial features evolved into the use of funerary masks of straw and
clay (Dunand & Lichtenberg, 2006) and of linen and plaster cartonnage
(Lombardi, 1999; Aufderheide, 2003).
This early artificial mummification was restricted to royalty and nobles, and
represented a vital process in the assurance of a positive afterlife for these elite.
The 6th Dynasty governor, Sabni, recounts in his tomb the great lengths to which
he went to recover his father’s body in Nubia and to ensure that it was
mummified (Breasted, 1906) before decomposition reduced it to bones. Only two
embalming workshops (Northern and Southern) existed at this time (Taylor,
2001), and Sebni resorted to sending officers ahead to have the embalmers meet
them on their return (Breasted, 1906).
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Old Kingdom relations with Nubia were peaceful compared with later
military and colonial endeavours, and consisted of mutually beneficial trade
(primarily food for the exotics of Africa) and royal expeditions for mineral
resources (Gardiner, 1961). By the end of the Old Kingdom, however, Egyptian
expeditions and traders in Nubia became increasingly beholden to the rising
Nubian C Group princes; a power shift apparent in the autobiographies of the
officials Weni, Sabni, and Harkhuf (Kuhrt, 1997a; Lichtheim, 2006a).
To the north, First Dynasty goods and seal-impressions demonstrate
political and commercial connections with Palestine (Kuhrt, 1997a). The
Phoenician harbour town of Byblos was a vital Egyptian trade partner, supplying
the large foreign timbers required for shipbuilding, architectural use, and statuary
(Kuhrt, 1997a; Thompson, 2006; Trigger, 2006). Contact with Mesopotamia,
however, had ceased with the isolationist retrenchment in Uruk (Thompson,
2006; Trigger, 2006). Judging from the autobiography of Weni, however, Egypt
held a troubled control over the Sinai Peninsula, possibly contending with its first
wave of Asiatic incursions (Gardiner, 1961). By the late third millennium BC,
military force was necessary to protect Egypt’s Palestinian and Syrian interests
from Akkadian intervention (Thompson, 2006).

2.5.3 First Intermediate Period (2160 BC – 2055 BC)

The popular conception of the First Intermediate Period in Egyptian history
is one of political instability that resulted in the decline of mummification (cf.
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Aufderheide, 2003). The First Intermediate Period has been a widely debated
period of Egyptian history, with early scholars describing a complete collapse of
the Egyptian state, rife with revolutionary anarchy and near apocalyptic
destruction (Starr, 1991; also see Lichtheim, 2006a).
The Admonitions of Ipuwer, a Middle Kingdom text describing the tumult of
the First Intermediate Period, mentions the lack of embalming, the lack of resin
and wood for coffins, and the loss of embalming secrets:
Lo, many dead are buried in the river. The stream is the grave,
the tomb became stream. (2, 6-7)
None indeed sail north to Byblos today. What shall we do for
pine trees for our mummies? (3, 6-7)
Lo, those who were entombed are cast on high ground,
Embalmers' secrets are thrown away. (4, 4) (Lichtheim 2006:151-153).
This and other Middle Kingdom texts (e.g., The Complaints of Khakheperre, The
Prophecies of Neferti) provide a terrifying, anarchic picture of the First
Intermediate Period, but are now widely accepted to represent little more than
political propaganda and hyperbole on the theme of order and chaos, in the
Middle Kingdom pessimistic style (Seidlmeyer, 2000; Lichtheim, 2006a).
In contrast, modern scholars describe a vibrant period of transition to a
less centralised political system, with control in the hands of the provincial
governors (Kemp, 2006; Lichtheim, 2006a). Climate changes leading to
protracted periods of drought have been considered as the cause of the
diminished power of the pharaoh (Kuhrt, 1997a), who was expected to provide a
good Nile for his people. Provincial governors were left to control, and later
compete for, an Egypt that was left largely unchanged on the ground. The
Instructions to King Merikare demonstrate continued taxation; trade for foreign
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woods, such as juniper and cedar (Lichtheimm 2006a); concerted military action
against Libyan and east delta Bedouin groups; and intensification of trade with
Nubia, northeast Africa, the Sinai, and Minoan Crete (Starr, 1991; Kuhrt, 1997a;
Thompson, 2006). The decline in art and architecture quality observed in this
period is the result of local amateurs and mediocre artisans being required to fill
local needs previously filled for the pharaoh by only the most skilled craftsmen
(Lichtheim, 2006a).
Grajetsky (2003) and Dunand and Lichtenberg (2006) note, accordingly,
that burial and mummification in the First Intermediate Period varied very little
from that of the Old and Middle Kingdoms and, while still not as successful as
later techniques, mummies such as that of Pepiseneb continue to demonstrate
extensively padded linen wrappings and painted cartonnage masks. Raven and
Taconis (2005) further note that the bodies continued to be eviscerated, but that
painted masks and a stucco coating represented a decline in the intent to provide
a lifelike appearance to the mummy. Certainly, the resin or stucco moulded facial
features gave way to the use of painted and sculpted cartonnage masks in this
period. A 9th Dynasty mummy even sports linen ears attached to the outer
wrappings (Ikram & Dodson, 1998), belying any decline in attention to detail.
Indeed, the importance of proper burial and mummification becomes most
pronounced in the First Intermediate, as access to the afterlife is extended to
lower status members of society in this period of decentralised control. This socalled democratisation of the afterlife (cf. Callender, 2000) is demonstrated by
the increased quality and grave goods of ordinary tombs and the early use of
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excerpts from the elite Pyramid Texts and the Coffin Texts in the coffins of a far
broader segment of society (Seidlmeyer, 2000). Such a popularisation may have
begun as early as the 2nd Dynasty among the nobles (Hays, 2011), and the
concept of a sudden broad democratisation of the afterlife has been increasingly
shown to be flawed (see Hays, 2010). Ending the period, Theban and
Heracleopolitan nomarchs (provincial governors) contested control of Egypt as a
whole and reunited it under a Theban divine monarchy (Kuhrt, 1997; Kemp,
2006; Lichtheim, 2006a).

2.5.4 Middle Kingdom (2055 BC – 1650 BC)

Further evidence, against the revolutionary tone of early descriptions of
the First Intermediate Period, is the return to Old Kingdom divine monarchy,
administrative structure, and cultural patterns when (and possibly before) a
powerful, centralised government was re-established in the Middle Kingdom
(Kemp, 2006). The Middle Kingdom pharaohs expanded on Aegean trade
networks that had grown at the end of the First Intermediate Period (Thompson,
2006), and exploitation of Nubian mineral resources, gold in particular, became a
major source of Egyptian wealth (Gardiner, 1961; Thompson, 2006). Trade for
goods from the Sudan and farther south continued, but the pharaohs were
increasingly concerned with control of Lower Nubian resources, and a series of
fortresses were constructed between the First and Second Cataracts (Gardiner,
1961; Thompson, 2006). While wielding somewhat less control than their Old
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Kingdom counterparts, the Middle Kingdom pharaohs were nonetheless
politically powerful, and continued to be able to call upon the populace for
pyramid and temple building projects that rivalled those of the past (Kemp, 2006).
Their power waned, however, by the eighteenth century BC, and an influx of
Asiatic peoples led to the rule of Egypt by a series of foreign kings known as the
Hyksos (Starr, 1991).
Following a gradual democratisation of the afterlife through the First
Intermediate Period, and with the resumption of centralised control, the Middle
Kingdom saw the use of artificial mummification extended to nobles other than
the pharaoh and royal family, resulting in considerable variation in technique
(Callender, 2000; Aufderheide, 2003). Some were eviscerated and excerebrated,
by the classically described transnasal route (Herodotus, 2009[c.440BC]:Bk.II,
para.86), while others were not, and the Herodotean account of these features is
of particular interest in the testing performed in this study. Organs removed were
often preserved separate from the body and placed in canopic jars for storage
with the mummy. Desiccation was routinely achieved by treatment with natron,
and the skin and wrappings were often treated with resin, with some mummies
covered in a thick layer of resin in their coffins (Aufderheide, 2003). Continuing
the First Intermediate Period trend away from resin moulding, mummies of the
Middle Kingdom were typically covered in painted cartonnage masks (Callender,
2000; Raven & Taconis, 2005).
The mummies of much of the Middle Kingdom showed poor preservation
in spite of these embalming techniques (Budge, 1893). Preservation did improve
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in the Middle Kingdom (Dunand & Lichtenberg, 2006), but the best-preserved
mummies of this period are those of the soldiers of Mentuhotep, left on a desert
battlefield to be later recovered and wrapped in linen (Derry, 1942; Callender,
2000). These natural mummies were, like their predynastic predecessors,
preserved largely intact; damage from battle and scavengers notwithstanding
(Derry, 1942).
Interestingly, the mummies of the 11th Dynasty queens and princesses of
Mentuhotep show no signs of abdominal incision, retain much of their viscera,
and exhibit prolapse of the rectum and vagina with associated traces of resin
(Aufderheide, 2003). This has led some (e.g., Derry, 1942; Dunand &
Lichtenberg, 2006) to suggest that these women had been subjected to a resin
treatment, through the prolapsed orifices, similar to the cedar oil enema
described by Herodotus in the Late Period (Herodotus, 2009:Bk.II, para.87).
Visceral prolapse, however, may also have occurred as a result of gas build-up in
the decomposing body that forced these tissues outwards (Derry, 1942). This is
consistent with their incomplete desiccation at burial, implied by the imprints of
jewellery on their skin (Aufderheide, 2003), and with similar postmortem pseudoprolapses in Predynastic mummies (Derry, 1942).
Running counter to the trend set by the six mummies of Mentuhotep’s
ladies, however, the viscera of other mummies were frequently removed, via
abdominal incision, as in the case of the 11th Dynasty official in Mentuhotep III’s
court, Wah, and as implied by the frequent appearance of canopic vessels in the
tombs of the 11th, 12th, and later Dynasties (Taylor, 2001; Dunand & Lichtenberg,
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2006). Most of these eviscerated mummies were filled with linen, although at
least one noble lady at Saqqara did not receive linen packing (Derry, 1942).
Another new practice that found its roots in the Middle Kingdom, possibly
even the First Intermediate Period or Old Kingdom, is the removal of the brain.
The best-known method for effecting removal of the brain in ancient Egypt is the
transnasal craniotomy (TNC), described by Herodotus, in which a trocar-like tool
(Macalister, 1894; Leek, 1969; Notman, 1986; Pirsig & Parsche, 1991) was
inserted into the nose to perforate the thin table of bone to the anterior cranial
fossa. Transnasal craniotomy (Aufderheide, 1998) is the most widely applicable
description of this process in which the lacy cribriform plate of the ethmoid is, as
the path of least resistance, presumed to be the intended target and in which the
ethmoid, sphenoid, nasal septum, pituitary fossa, and orbits are often directly
perforated or otherwise damaged (Macalister, 1894; Notman, 1986; Strouhal,
1995; Aufderheide et al., 1999; Taconis, 2005). In some cases, following
extraction of the brain and cleansing of the cranial cavity, embalmers filled the
cranial cavity with variable quantities of linen and/or resin (Macalister, 1894;
Strouhal et al., 1986; Conlogue, 1999; Taylor, 2001; Taconis & Maat, 2005).
Finally, the nasal passage and artificial foramen were then typically sealed with
resin-impregnated rolls (tampons) of linen (Macalister, 1894; Aufderheide et al.,
1999). In many mummies the brain was not removed, however, and although
early researchers (e.g., Lamb, 1901; Smith, 1902) questioned the possibility of
mummification of the brain, intact mummified brains have been clearly identified
in numerous Egyptian mummies (e.g., Lewin & Harwood-Nash, 1977; Gardner et
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al., 2004; Nelson, 2008a). The specific features of excerebration form important
hypotheses in this study, with respect to classical accounts in particular.
Other, more variable, practices at this time included attempts to retain the
fingernails by tying thread around them, a practice more common in the New
Kingdom (Dunand & Lichtenberg, 2006), and varying applications of beeswax,
resin, and natron (Aufderheide, 2003). This wide variety of new and old
mummification traditions was undoubtedly affected by the greater number of
individuals receiving the privilege of mummification and by the slightly wider
variety of their statuses (Callender, 2000). This widening of funerary privilege,
such as use of the Pyramid Texts on non-royal coffins, has been described as
belonging to a democratisation of the afterlife, brought about by the increased
importance of the cult of Osiris (Callender, 2000) that had grown in the First
Intermediate Period (Assmann, 2005). This should not, however, be seen as
diminishing the status of the elite in the afterlife. At this time, the ushabti (also
written shabti or shawabti) entered the funerary paraphernalia (Callender, 2000).
Although the afterlife is open to a wider cross-section of society, there remains
an elite distinction in the addition of these small anthropomorphic statuettes
inscribed with a spell to allow them to do Osiris’ bidding in the owner’s stead:
O ushabti, if I am called upon, if I am appointed to do any work
which is done in the necropolis…even as a man is bounded,
namely to cultivate the fields, to flood the river-banks or to carry
the sand of the East to the West, then speak thou ‘Here I am!’”
(Gardiner, 1961:32).
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2.5.5 Second Intermediate Period (1650 BC – 1550 BC)

The end of the Middle Kingdom saw the decline of royal power, in favour
of the priestly bureaucracy, and by the 13th Dynasty, numerous weak pharaohs
rapidly succeeded one another. From approximately 1650 BC onwards, a
weakened Egypt was controlled from Lower Egypt by a group of Semitic chiefs,
the hq3w h3swt (‘chieftains of foreign countries’), whose name was later
corrupted to Hyksos (Gardiner, 1961; Kuhrt, 1997a). Also known as the
Shepherd Kings (Gardiner, 1961), their dominion extended as far as the Theban
region (Fleming et al., 1980; Kuhrt, 1997a; Shaw, 2000; Kemp, 2006). Upper
Egypt continued to be ruled by a series of Theban kings and the Hyksos,
contrary to their later portrayal as an alien Asiatic horde, became highly
Egyptianised. Adopting Egyptian names and writing, the Hyksos may have
collaborated at points with the native Egyptian leaders in Thebes (Gardiner,
1961). In addition to Egyptian names and hieroglyphics, the Hyksos participated
in the worship of an Asiatic characterisation of the Egyptian god Seth, without the
negative association as the one who slew and dismembered Osiris in the
traditional mythos (Gardiner, 1961). Their immigration, however, was not
longstanding prior to their control of Lower Egypt, and “the foreignness of the
Hyksos was evidently something which left a deep impression on some
Egyptians” (Kemp, 2006:156). The Hyksos brought with them their own funerary
traditions, of which little is known due to the poor preservation of human remains
in the wet Delta region (Ikram, 2003). Hyksos kings, placed contracted in shallow
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graves and sometimes provided with sacrifices of donkeys and servants, were
not mummified (Bietak, 1985; Bourriau, 2000; Dunand & Lichtenberg, 2006).
Under Hyksos rule, Egypt’s Syrian and Aegean trade grew to increasingly
dominate eastern Mediterranean markets (Thompson, 2006). Scarabs with
Hyksos royal names found in Palestine, and the inventory of goods seized by
Kamose at Avaris, demonstrate the Hyksos’ complete control of Egypt’s Deltabased trade (Kuhrt, 1997a). The Theban kings had little choice but to deal with
the Hyksos for a wide range of important foreign goods and raw materials (Kuhrt,
1997a; Flammini, 2008).
In the South, the Theban kings continued to be mummified, although the
results were quite poor (Budge, 1893; Fleming et al., 1980). This decline in
preservation has been attributed to the difficulty with which Thebes, isolated from
Lower Egyptian trade, was faced in acquisition of important resins and oils
(Fleming et al., 1980; Bourriau, 2000). This isolation also prevented Theban
access to the funerary archives at Memphis, and necessitated the development
of a new series of funerary texts, which would form the Book of the Dead by the
16th Dynasty (Bourriau, 2000). In spite of limited access to imported
mummification materials, the Second Intermediate Period continued in the Middle
Kingdom tradition, including evisceration (Raven & Taconis, 2005) and packing
of the body cavity with linen (Aufderheide, 2003). Although not part of this study,
this political transition and geographic division should be examined more closely
using the mummified remains.
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A resentful peace existed between the Theban kings and the Hyksos, and
direct conflict between the two was restricted to the end of the Second
Intermediate Period (Kuhrt, 1997a), when the Hyksos were expelled by
Seqenenre Tao and Kamose. When the control of Lower Egypt was finally
wrested from the Hyksos at the end of the 17th Dynasty, the Theban kings were
sufficiently outraged to pursue military campaigns against their former masters
for generations; driving deep into Palestine and ushering in the territorial
Egyptian Empire (Starr, 1991).

2.5.6 New Kingdom (1550 BC – 1069 BC)

Reunited under a native pharaoh in the 18th Dynasty, Egypt pursued its
first aggressive military expansion as far as the Euphrates, and secured
Palestine and Syria (Kuhrt, 1997a; Starr, 1991). Trade routes were reopened
with Punt through the Red Sea (Starr, 1991). In Nubia, fortification programs
begun in the Middle Kingdom evolved “into direct colonial enterprises focused on
mineral extraction during the New Kingdom period” (Thompson, 2006:42). This
extraction was to such a degree that Nubian gold exploitation for the Asian
campaigns has been compared to the silver exploitation in Mexico that funded
Spain’s ambitions in 16th century Europe (Adams, 1977).
The military aspect of royal power, prominent in royal iconography since
early dynastic times, took on an even greater role in legitimation of the pharaoh’s
rule through his ability to protect Egypt and its people from the threat of the
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foreign (Cashman, 2006; O’Connor, 2006). The military elite, too, gained
significant prominence in this period, and it was a Commander of the Chariotry
and a Great General of the Army that would succeed young Tutankhamun
(Cashman, 2006). Expansion of a territorial empire by military means,
additionally, required development of a professional army and placed Egypt on a
continuous war-footing throughout this period (O’Connor, 2006).
The middle class, formed of lesser military officers, priests and
bureaucrats, and of wealthy farmers and craftsmen (O’Connor, 2006), increased
in social importance, demonstrated by the shift in Wisdom literature from its elite
roots to a middle class focus (e.g., Instruction of Any) (Lichtheim, 2006a,b).
Indirectly, the political importance of the middle class increased as well, with the
elite cognisant of the importance of maintaining social order through recognition
of the rights of the lower classes (O’Connor, 2006), particularly when they formed
the bulk of the essential armed forces.
In the prosperity and stability following expulsion of the Hyksos, the New
Kingdom saw the intensification of mummification, and it is the mummification
techniques from this period that are typically made into stereotypes. These
stereotypes are explored and tested in this study. Multiple levels of
mummification complexity, similar to those described by Herodotus (2009:Bk.II,
para.86-89) in the Late Period, were available with the most complex form
reserved for the elite. While beyond the reach of peasants, any non-noble who
could afford it was mummified in the manner their assets allowed.
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Iskander (1980) presents a stereotypical order of operations for the most
elaborate of New Kingdom mummification forms:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Excerebration
Evisceration
Sterilisation of the body cavity and viscera
Embalming of the viscera
Temporary packing of the body cavity
Desiccation of the body
Removal of temporary packing and washing of the body cavity
Permanent packing of the body cavity
Anointing the body
Packing of the orifices
Application of resin and bandages

Removal of the brain was effected in either the classically-described
transnasal method, initiated by the Middle Kingdom or earlier, or by a poorly
understood transforaminal technique. Removal of the brain by way of the
foramen magnum, or transforaminal craniotomy (TFC), is not well documented
and only a handful of likely examples (i.e., Fouquet, 1897 in Lamb, 1901;
Bourriau & Bashford, 1980; Strouhal et al., 1986; Bucaille, 1990; Macleod et al.,
2000; Taconis & Maat, 2005; Merigaud, 2007; Nelson, 2008b) have been
reported. Mummies in which the brain is absent and in which the ethmoid and
sphenoid are undamaged are assumed to have undergone this method of
excerebration.
The viscera were removed in the same manner as in previous periods,
through an incision in the left flank, although the position of the incision changed
from the level of the hypochondrium to the level of the iliopubic line beginning
with the 18th Dynasty pharaoh Tuthmosis III (David, 1984; Dunand & Lichtenberg,
2006). Through this incision were removed the intestines, stomach, and liver, and
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in many cases the diaphragm was incised or excised for removal of the lungs
(Iskander, 1980). The common, possibly apocryphal, understanding is that the
heart was always left intact, necessary for judgment of the deceased in the
afterlife. Once removed, the viscera were typically washed, desiccated in solid
natron, treated with resin, wrapped in linen, and placed into canopic jars; at this
time each associated with one of the four Sons of Horus (Iskander, 1980).
Although some variation exists, the stereotypical arrangement placed the
intestines in the falcon-headed jar of Qebehsenuef; the stomach in the jackalheaded jar of Duamutef; the liver in the human-headed jar of Imsety; and the
lungs in the baboon-headed jar of Hapi (Aufderheide, 2003).
Following removal of the viscera from the body, the body cavity was filled
with bags of natron, resin, straw, or sand to aid in desiccation (Iskander, 1980).
The desiccation process, as in previous periods, made use of a shallow bed
heaped with solid natron (D’Auria et al., 1992) and lasted, according to the Ritual
of Embalming papyrus, approximately 50 days (Sauneron, 1952). A period of 40
days for embalming is similarly attested by the Biblical account of the Egyptian
embalming of Jacob, with a mourning period of 70 days (Genesis 50:2-3).
Following the period of desiccation, the used packing materials were removed,
though not always thoroughly (e.g., Merigaud, 2007), and replaced with fresh
packing materials, many in linen bags (Iskander, 1980). A wide range of packing
materials existed for this period, including resin, aromatics like myrrh and cassia,
sawdust, sand, and even lichen in the cases of Siptah, Ramesses IV, and
Djedptahefankh (Iskander, 1980). Resin was applied generously, thanks to
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Egypt’s renewed and stable long-range trade (Taylor, 2001), within the body
cavity of many mummies (Iskander, 1980; Ikram, 2003). Packed to restore a
lifelike contour, the embalming incision was often plugged with linen, and in some
cases drawn closed and sealed with stitches of linen (Smith & Dawson, 1924) or
with a metal or wax plate (Raven & Taconis, 2005) in the shape of the healing
oudjat (also written wedjat) eye of Horus (Iskander, 1980). The body was then
anointed with oil, the body’s orifices were variously packed with plain or resinimpregnated linen (Iskander, 1980), and artificial eyes were placed in the
depressed or empty sockets (Fleming et al., 1980). The remains of the
embalming process, including cloths, fluids, and tissues were carefully disposed
of near the tomb, that they might be close to their owner, “and to prevent any
portions of it falling into the hands of persons ill-disposed to the deceased who
might use them to work magical spells which would threaten the wellbeing of the
spirit” (Taylor, 2001:63).
Treated in these ways, for approximately 56 days in total (Sauneron,
1952), to ensure preservation, the body was subsequently wrapped in linen
sheets and bandages varying “from about 3 feet by 2 inches, to 13 feet by 4
inches; some are made with fringe at both ends, like a scarf, and some have
carefully made selvedges” (Budge, 1893:191). Clothing and household linens are
common among mummy wrappings, and one mummy housed in a Lyons
museum’s collection includes part of a sail (Taylor, 2001). Even the pharaoh Sety
II was wrapped in household linen bearing his predecessor’s name (Taylor,
2001). Each limb was first wrapped individually in linen and the entire body was
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wrapped, with padding to ensure a natural body contour was maintained
(Aufderheide, 2003). The use of deep pink painted shrouds, more common in the
Roman Period, began in this period, possibly to replace the cartonnage and
coffin (Taylor, 2001; Dunand & Lichtenberg, 2006).
Amulets within the body and wrappings of the mummy played an
important part in the preparation of the deceased for the afterlife in the New
Kingdom (cf. Budge, 1893), and increased in number with the status of the
deceased (Salter-Pedersen, 2004). Taken in the context of the democratisation
of mummification in this period – that is, in the sense of its wider accessibility to
members of lower social strata, and the same sense it is used to describe the
First Intermediate Period democratisation of the afterlife to include non-elite
levels of society - additional elements such as amulets (also more and better
ushabtis and funerary texts) ensured that the elite were provided with a better
quality of embalming and, consequently, a better quality of afterlife. Commoners,
such as the Deir el-Medina workers, were forced to rely on less expensive and
less elaborate mummification processes (Aufderheide, 2003), “to make a lifelike,
lasting image that could be revived and act as a vehicle for the transfigured
person at any time” (Meskell, 2002:182); that is, to ensure a full and rewarding
afterlife.
During the course of the 18th Dynasty, a major change occurred in the
religious ideology of the Egyptian state. Considered a heretic after his death for
doing so, the pharaoh Akhenaten (born Amenhotep/Amenophis IV) reformed
Egyptian religion to a quasi-monotheism in which only the world of the living
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(under the sun-disk Aten) existed and the dead remained sleeping in their tombs
or praying in Aten’s temples (Van Dijk, 2000). Although the dead continued to be
mummified, and so be able to eternally worship Aten, the tradition of afterlife
judgment by Osiris was replaced with judgment by the king (Van Dijk, 2000).
Many of the funerary trappings, such as heart scarabs and ushabtis, continued
but were stripped of their former meaning and meaningful inscriptions (Gardiner,
1961). This religious transformation was short-lived, failing to outlive its founder,
and even during the so-called Amarna period much of the traditional ideology
flourished (Gardiner, 1961). The subsequent Ramessid Period (19th & 20th
Dynasties) continued the elaborate tradition of the pre-Amarna dynasties, and,
beginning with the mid-20th Dynasty pharaoh Ramesses V, the visceral storage
use of canopic jars was replaced by packing of the visceral bundles into the body
cavity, occasionally with wax or resin statuettes of the Sons of Horus (Fleming et
al., 1980; Taylor, 2001).
Egyptian imperial expansion reached its peak in the reign of Ramesses II,
secured through a series of military campaigns into Syria and by a nonaggression treaty with the Hittite kingdom, the first of its kind in Egyptian history
(Starr, 1991). Internal struggles, however, ended the reign of Ramesses II’s
descendents, and left Egypt in the hands of a king of unknown lineage who
would come to name his own son after that great king (Fleming et al., 1980). This
Ramesses III preserved the empire from a series of invasions by the Sea
Peoples, but was succeeded, in a period when other kingdoms fell to the raiders,
by weak pharaohs whose dynasty would end in civil war (Fleming et al., 1980;
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Starr, 1991; Lichtheim, 2006b; Thompson, 2006). The fracture of the country
between the last of the Ramessides in Upper Egypt, the High Priest of Amun in
Upper Egypt, and the Delta kings is clearly recorded in the Report of Wenamun,
as is the greatly diminished influence of Egypt in the Near East (Lichtheim,
2006b).

2.5.7 Third Intermediate Period (1069 BC – 664 BC)

The Third Intermediate Period, while representing a cultural continuum
with the New Kingdom (Dunand & Lichtenberg, 2006), saw the political rise and
fall of the Delta’s power at Tanis and its rival religious center Thebes, Libyan
dynasties, Nubian control, and Assyrian invasion (Taylor, 2000; Dodson, 2001).
The patterns of life within Egypt, the culture of its people and their linguistic
tradition, were largely unchanged throughout the Third Intermediate Period
(O’Connor, 2006). Egypt, again consisting of smaller interconnected states, was
overseen by single or co-ruling pharaohs, culminating in the division of the
country between kings in Tanis and High Priests of Amun in Thebes (Kuhrt,
1997b). Closely tied to the Theban rulers, Libyan groups became increasingly
integrated in Egyptian politics and themselves formed three dynasties (22nd-24th)
(Kuhrt, 1997b; Starr, 1991). Following the same pattern as their native Egyptian
predecessors, the Libyan kings fell to internal division and were usurped by a
series of kings of Napatan Nubia (Kuhrt, 1997b).
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At the end of the New Kingdom the Valley of the Kings fell into disuse, the
necropolis was dismantled, and its wealth of burial goods was reclaimed for the
state when the royal mummies were gathered for secure group reburial (Taylor,
2000). The diminution of central control and the resulting need for competitive
resources likely played as large a role in the collection and caching of Theban
royal mummies as did any sense of concern for the fate of the royal remains.
Indeed, burial wealth was often diminished in the 21st and 22nd Dynasties, as
attested by the impressions left in mummy wrappings by amulets and jewellery
removed before the mummy ever left the embalmer’s workshop (Taylor, 2000;
2001). Mummification techniques, however, continued to advance, and
embalmers placed even greater emphasis on preservation of a lifelike
appearance through the elaborate replacement of soft tissues with permanent
materials (Aufderheide, 2003), likely spurred on by criticisms against the state of
the reinterred royals.
The dead continued to be excerebrated and eviscerated, with the viscera
returned to the body cavity (Iskander, 1980), following the trend started by
Ramesses V (Fleming et al., 1980; Taylor, 2001). It is likely that this trend was
initiated in response to increased New Kingdom tomb robbery (Fleming et al.,
1980), and found greater popularity following the relocation of royal mummies
and the reduction of funerary goods. The viscera were returned to the body
cavity with other packing materials, such as sawdust, linen, and mud, to restore
bulk to the body, and packing materials were introduced under the skin to restore
the lifelike contours of the body (David, 1984; Taylor, 2001). A series of incisions,
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outlined in the Ptolemaic Rhind papyri (Raven & Taconis, 2005), were made to
place the packing material subcutaneously in the arms, legs, back, neck, and
face, although in some cases the packing was overabundant and the tightened,
desiccated skin has split (David, 1984; Salter-Pedersen, 2004; Dunand &
Lichtenberg, 2006). Other attempts to produce a more life-like appearance
included replacement of the eyes with painted white stones; use of wigs, hairstyling products (McCreesh et al., 2011), and false eyebrows; and painting of the
body (red for males, yellow for females) (Aufderheide, 2003; Dunand &
Lichtenberg, 2006). The arms, in this and the proceeding Late Period, were
typically wrapped in the extended position (Gray, 1972).
Elaboration of the cartonnage mask, first seen in the late Old Kingdom
and First Intermediate Period, took place in the 22nd Dynasty with its expansion
to a complete container for the body, and its use increased in popularity probably
due to the scarcity of wood for coffins (Taylor, 2001; Dunand & Lichtenberg,
2006). The linen, or papyrus, and plaster material was formed to enclose the
body, laced along the back, and decorated in the manner of a coffin (Budge,
1893).
Beginning in the 25th Dynasty, the body was also coated in a substance
that has been described, perhaps wrongly, as Levantine bitumen or pitch, owing
to its shiny, black appearance (Dunand & Lichtenberg, 2006). The actual
composition of this material may vary (cf. Lucas, 1931; Iskander & Zaki, 1943;
Aufderheide, 2003), and in some cases may have originally been a transparent
tree resin that has oxidised over time. As in previous periods, the mummies of
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the Delta rulers, while not neglected, were extremely poorly preserved in their
wet burial environment (Dunand & Lichtenberg, 2006).
The 25th Dynasty Kushite kings, highly Egyptianised by centuries of
contact, conquest, and colonisation by Egypt, stressed the strong centralised rule
demanded by ma’at, in a model strongly influenced by Old and Middle Kingdom
Egyptian ideals (O’Connor, 2006). The Kushite kings built monuments in the
Egyptian tradition, reopened trade, controlled the Theban theocracy, and
sponsored cultural revivals, including the copying of a decaying scroll extolling
the Memphite theology (Starr, 1991; Kuhrt, 1997b). The Kushite rulers also
adopted the Egyptian traditions of mummification, anthropoid coffins, canopic
jars, and ushabtis, and there was significant revival of older mummification
features in an archaistic trend likely aimed at legitimising Kushite rule (Taylor,
2000; 2001).
Archaisms, perpetuated as much for their perceived righteousness as for
their power as propogranda, supported the Kushite kings in their desire to fill the
role of the traditional pharaoh (O’Connor, 2006). The military might of the
pharaoh was once again stressed and the gains of conquest, once again
collected from the eastern delta and Palestine, were devoted to the temple of
Amun and the people of Egypt (Kuhrt, 1997b). Despite their foreign origin, these
kings appear just as Egyptian as the early dynasts in many ways, and when they
were finally expelled by the Assyrian-backed Saite dynasty their monuments
were dismantled with no more malice than that shown to any native king
(Fleming et al., 1980; Tait, 2003).

	
  

	
  

	
  

53	
  

2.5.8 Late Period (664 BC – 332 BC)

The political flux of the Third Intermediate Period continued in large part
during the Late Period, with Egypt’s interrupted rule by Persia. Although the Saite
kings were put in place as client-kings by the invading Assyrians they quickly
resumed native control of the country in the subsequent absence of the Assyrian
army (Starr, 1991). Rather than the cultural decline attributed by early scholars
such as Breasted (see Manning, 2006), Egypt is now understood to have
undergone a renaissance period under the 26th (Saite) dynasty (Lichtheim,
2006c; Manning, 2006). Once thought to represent a “‘Janusgesicht’ (Janus
head) (Kienitz 1967), a national schizophrenia characteristic of a culture in a
state of advanced decay” (O’Connor, 2006:195), archaic trends were, to the
contrary, mixed with novel artistic and linguistic themes and devices to form a
vibrant eclecticism (Taylor, 2000; Lichtheim, 2006c). Late Egyptian hieroglyphics,
a cherished linguistic tradition, coexisted with the development of the demotic
script, for less formal, secular documents and letters (Kuhrt, 1997b; Lichtheim,
2006c).
The Late Period is also the time of Herodotus’ description of Egypt and
mummification, in which he describes three methods of mummification,
dependent upon the wealth of the deceased; the delay of mummification for
women, possibly explaining the significant decomposition and insect activity seen
in some of these mummies; and the favourable treatment of those found dead in
the Nile, likely related to the Osirian tradition of Seth sinking Osiris’ dismembered
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body into the Nile (see Appendix C2 – Classical Excerpts – Herodotus,
2009[c.440BC])
During this time decoration of the mummy and the ornate cartonnage
flourished, including numerous amulets, painted or gilded masks, and sheathed
feet (Budge, 1893). However, complex geometric wrapping patterns and
generous use of resin and bitumen (Taylor, 2001), definitively attested to in this
period (Iskander & Zaki, 1943), marked an overall decline in soft tissue
preservation efforts (Aufderheide, 2003). The transition, from an emphasis on
lifelike soft tissue preservation to ornate external presentation, began in this
period and would become an important part of later Ptolemaic and Roman Period
mummification traditions. This transition, in light of the social changes at play
over these periods, should be more closely examined in future studies.
In the Late Period, artificial eyes and subcutaneous packing became far
less common, and bundles of excised viscera were often placed between the
legs rather than being returned to the body cavity (Gray, 1967; Taylor, 2001).
Alternatively, the viscera may have been placed in canopic jars, once again in
use at this time (Gray, 1967; Taylor, 2001). Use of the Book of the Dead, on
tomb walls and later in mummy wrappings, was also revived (Hornung, 1999), as
was use of the Pyramid Texts, included in non-royal burials in a further
demonstration of the democratisation of mummification (Lloyd, 2000).
Their attention to continuity and tradition would serve the Egyptians well
as their country became increasingly subject to, and filled with, foreign
influences, particularly those of Greece and Rome (Lichtheim, 2006c; Manning
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2006). Already by the Saite dynasty, Greeks were settling in large numbers in
Egypt, and two subsequent periods of Persian domination would be ended by the
conquest of the Macedonian Alexander (Starr, 1991; Lichtheim, 2006c; Manning,
2006).

2.5.9 Ptolemaic Period (332 BC – 30 BC)

Although Alexander’s arrival was met with great enthusiasm, and ended
an oppressive Persian regime, Alexander’s death resulted in the division of his
empire by his generals Ptolemy, Seleucus, and Antigonus. Ptolemy and his
descendents were left in a position that necessitated exploitation of Egypt to
defend against westward Seleucid expansion (Starr, 1991; Lichtheim, 2006c).
Greek administration and settlement reduced the influence of the Egyptian
people, and Greek culture was an imposition that Egypt struggled to absorb
(Lichtheim, 2006c). The local political structure remained largely unchanged, and
the Greek settlers tended to remain separate from the Egyptians in Alexandria,
Naucratis, and Ptolemais (Starr, 1991). While the arrangement was never
completely satisfactory, over time the Ptolemies came to be viewed as rightful
pharaohs of Egypt, and were successful in developing an acceptable integration
between Greek and Egyptian cultural and religious values (O’Connor, 2006).
Under the Greeks, trade was more intensive and extensive than ever before,
and, increasingly, Greek memes were incorporated into Egyptian life, such as the
Homeric and other Greek hero themes retold in Egyptian settings (e.g., the story
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of Achilles and Pethesilia reworked in the tale Egyptians and Amazons)
(Lichtheim, 2006c). Based on the references to Egypt by Greek, and later
Roman, authors, the Egyptian mummification tradition was regarded as a wide
deviation from their own mortuary customs (Dawson, 1928) of untreated tomb
and urn burial and of cremation (Toynbee, 1971; Grajetsky, 2003; Ubelacker &
Rife, 2011).
On the whole, the previous emphasis on the preservation of soft tissues
continued to decline through the Ptolemaic, replaced by improvements in the
appearance of the external, wrapped appearance of the mummy (Aufderheide,
2003). The Greek character of Ptolemaic Egypt, coupled with a decline in
religiosity, led to a more commercial quality to mummification (Gardiner, 1961;
David, 1984; Macleod et al., 2000); one that already had its roots in the price
points described by Herodotus. The Greek historian, Diodorus Siculus, wrote
from this period of three price points similar to Herodotus’s account (see
Appendix C3 – Classical Excerpts – Diodorus, 1933[c.50BC]). The proliferation of
embalming guilds in every large community (Fleming et al., 1980), demonstrated
in the demotic Hawara Embalmer’s Archive Papyri (Reymond, 1973), resulted in
competition (Fleming et al., 1980; Brier, 1994), and mummification may have
become as much a business as a religious prescription by this period.
The trading power and wealth of Ptolemaic Egypt (Starr, 1991) made
access to resin much easier, and natron desiccation steeply declined in favour of
preservation with large quantities of liquid resin, poured onto the skin and into the
body and cranial cavities (Gray, 1967; David, 1984). The result was often poorer
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soft tissue preservation, and this has been described as marking a serious
decline in the mummification process (e.g., D’Auria et al., 1992). During the
Ptolemaic and Roman Periods, the competition between embalmers and the
increased access to embalming materials made the process of mummification
more accessible to the lower classes (White, 1970; Fleming et al., 1980). Dunand
and Lichtenberg (2006), working with the Graeco-Roman mummies of the
Kharga Oasis, found that the quality of mummification remained high for the elite,
and suggested that it was the increase in poorer, lower class mummifications that
lowered the overall level of quality. The sheer numbers in which bodies were
embalmed in this period, too, likely resulted in their poor preservation, as
embalmers struggled against mounting decomposition and insect infestation in
backlogged contracts (David, 1984; Dunand & Lichtenberg, 2006).
The decline in soft tissue preservation, however, was matched by the shift
towards external elaboration. Gilding of the eyelids, lips, and nails was
occasionally performed, and the body was covered in increasingly elaborate
bandages in gaudy colours, wrapped into complex square, lozenge, and
staircase designs over linen packing that restored the outward appearance of a
lifelike body (Budge, 1893; Dunand & Lichtenberg, 2006). A change in the
position of the arms occurred in the Ptolemaic Period, favouring them to be
crossed on the chest (Gray, 1972). Networks of tubular faience beads wrapped
around the front of the body (Taylor, 2001), popular in the Late Period, and the
full-body cartonnage casing were steadily replaced by the cartonnage mask,
chest plaques, and foot box (Dunand & Lichtenberg, 2006).
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2.5.10 Roman Period (30 BC – AD 395)

By the end of Greek rule, with the death of Cleopatra VII, the Ptolemies
had been fully established as the rightful kings of Egypt, and distant foreign
exploitation by Rome was not well received. Driven for higher levels of production
through governmental agricultural reform (Lewis, 1983), the Egyptian people,
elite and peasant alike, were actively and passively resisting Roman demands by
the end of the Roman Julio-Claudian dynasty (Starr, 1991). By the end of the
third century, Diocletian was forced to put down revolt (Starr, 1991).
While the shift in emphasis, from internal preservation to external
beautification, became significant in the Ptolemaic Period, external beautification
is a dominant feature of Roman Period mummification (Aufderheide, 2003; Chan
et al., 2008). Roman rule and centuries of Greek immigration had a substantial
influence on Egyptian mummification; the use of Greek as lingua franca
disconnected the vast majority of Egyptians from the ancient funerary texts and
conventions (Budge, 1893; Fleming et al., 1980). Conversely, one exceptional
mummy from second century Italy (the Grottarossa mummy) was prepared in a
manner reminiscent of older Egyptian techniques, in spite of the Roman tradition
of cremation (Ascenzi et al., 1998). The tradition of funerary masks also took on
a decidedly Roman flavour, with the transition to realistic funerary portraits, often
called Fayum portraits for their overwhelming prevalence in this region, in a style
that had more in common with Roman Pompeii than ancient Egypt (Fleming et
al., 1980; Dunand & Lichtenberg, 2006). Likely painted during the lifetime of the
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deceased and saved for funerary use (Peacock, 2000), the more realistic style of
the encaustic portraits appealed to the largely Greek and Hellenised Egyptian
population of the Fayum, and became the standard there from the mid-first to the
fourth century AD (Budge, 1893; Macleod et al., 2000; Taylor, 2001). Outside of
the Fayum Depression, cartonnage use continued; reverting from the use of
plaques to boxy whole-body coverings with modelled stucco hands, arms, and
faces, but was commonly replaced with painted shrouds (Dunand & Lichtenberg,
2006).
Evisceration and excerebration continued, and in many cases the
prevalence of the latter greatly exceeded the former (Lichtenberg, 1994;
Aufderheide et al., 2004). Aufderheide and colleagues (2004) and Dunand and
Lichtenberg (2006) describe three common categories of mummification from
their experiences in the Dakhleh and Kharga Oases:
1. A first class of mummies with evisceration and excerebration, often
gilded or bejewelled at Kharga;
2. A second class of mummies with excerebration but not evisceration,
bearing no relation to Herodotus’ 2nd class which received chemical
evisceration but no excerebration;
3. A third class of mummies that were desiccated without evisceration or
excerebration.
In all three cases, the mummies were treated with a black resinous substance at
Kharga (Dunand & Lichtenberg, 2006), and resin was commonly employed at
Dakhleh (Aufderheide et al., 2004). Aufderheide and colleagues (2004) also note
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individuals that had been treated with an ineffectually minimal layer of resin,
prompting speculation on the value of resin use in these cases. They suggest
four possible explanations for its minimal use: (1) to diminish putrefaction of the
skin surface, (2) to act as adhesive for bandages, (3) to repel insects, or (4)
simply as a relic religious practice. The Graeco-Roman practice of gilding the
body (Dunand & Lichtenberg, 2006), however, suggests a further possibility; that
a golden layer of resin imparted a positive aesthetic value and connection to the
divine (cf. Taylor, 2001:72). As in dynastic periods, the arm position typically
reverted to extension along the outer thighs (Gray, 1972).
The fate of the viscera is complicated when organs were removed in this
period, not only by the higher association of excerebration with intact viscera, but
also by the classical descriptions of Plutarch and Porphyry. Budge cites two
places (Plutarch, VII. Sap. Conv. y XVI., ed. Didot, p. 188; Plutarch, De Carnium
Esu, Oratio Posterior; ed. Didot, p. 1219) in which Plutarch mentions that the
intestines, removed from the body, were shown “to the sun as the cause of the
faults which he [the deceased] had committed” (1893:181) and cast into the river.
Porphyry, describing an aristocratic burial in his De abstinentia, describes a
similar scene (Appendix C4 – Assmann, 2005). Assmann questions the accuracy
and authenticity of the account, given the “entirely un-Egyptian” (2005:83) act of
scapegoating the entrails in the judgment of the deceased. Considering
Porphyry’s reputation as one of the famous classical vegetarians (see De Non
Necandis ad Epulandum Animantibus, roughly On the Impropriety of Killing
Living Beings for Food), it is also conceivable that he elaborated on Plutarch’s
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account by adding a dietary morality lesson. The fact remains, however, that both
authors write about casting some portion of the entrails into the Nile, and part of
Porphyry’s account bears an unmistakable resemblance to the negative
confessions of the Book of the Dead Spell 125, wherein the deceased states 42
canonical sins they have not committed (see Budge, 1895). Organ packages and
canopic jars have been found to contain incomplete organs (e.g., Brier & Wade,
2001) which, coupled with the importance of protecting embalming remnants
from magical use against their owner (Taylor, 2001), may serve to explain this
disposal practice. Complicating matters still further, the Ritual of Embalming
papyrus, written in the first century AD, prescribes immersion of the viscera in oil
following their removal (Shore, 1992).
The true decline in mummification, not simply in perceived quality, begins
late in the Roman Period with the rise of Christianity and culminates in the
Byzantine purges of pagan practices following Diocletian’s Great Persecution of
Christianity (Peacock, 2000). Even in the backwaters of Egypt, the Western
Desert oases, mummification was in decline at the end of the Roman Period, and
it has been suggested that “those buried with no or minimal preparation may
have embraced religious convictions that did not value soft tissue preservation of
the body” (Aufderheide et al., 2004:73; see also Dunand, 2007). Rather than
being subsumed by the mighty Roman Empire, Egypt increased its focus on the
traditions and lore of its own mighty past (Gardiner, 1961). Few Romans exposed
to Egyptian culture were left unaffected and cults of the Egyptian gods, Isis and
Serapis in particular, spread throughout the Roman Empire (Gardiner, 1961).
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Egyptian religion and culture survived, largely unchanged in the far south and the
oases, until the Byzantine emperor Theodosius banned pagan sacrifice, and
Christianity was made the official state religion at the end of the fourth century
(Starr, 1991).

2.5.11 Byzantine and Coptic Egypt (AD 395 – AD 641)

The end of Egyptian mummification is often considered to coincide with its
ban by the Christian emperor Theodosius in AD 392 (Starr, 1991; Aufderheide,
2003). While natural mummies continued to be produced, artificial mummification
in the Egyptian tradition after AD 392 was rare outside the oases, Upper Egypt,
and Nubia (Strouhal, 1995; Dunand, 2007). Artificial Christian mummies,
however, do exist, and were produced from the fourth to seventh centuries as a
result of large slabs of salt placed on the body and between wrappings (Dunand,
2007). Large pieces of resin have also been found in the crania of Coptic burials,
without transnasal craniotomy thereby suggesting their insertion transforaminally
following excerebration, and in the burials of Nubian priests and their successors
(Strouhal, 1995).
Certainly, Christianity was not averse to the natural preservation of the
body, and the mummification of saints and royalty throughout Europe in the
centuries to follow was seen as a sign of their divine purity (Cockburn, 1998).
Mummies of saints, initially the product of natural processes, were later helped
towards divine preservation by zealous church officials using evisceration,
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balsams, and aromatics (Aufderheide, 2003) and Coptic martyrs were no
exception to this emphasis on divine preservation (Dunand, 2007). Even the
Coptic version of the Story of Joseph the Carpenter,
relates how, when Joseph died, Jesus washed his body, anointed
him with perfumed oils, then put his hand upon his heart,
pronouncing formulae intended to preserve the body from decay:
‘let the stinking smell of death never touch you…let corruption never
flow out from your body…let the hair upon your head never wither…’”
(Dunand, 2007:176).
There were, however, strong forces within the Coptic Christian leadership
actively working to end mummification in Egypt (Fleming et al., 1980), including
Saint Anthony of Egypt (Anthony the Great) who regarded it as an improper
veneration of the body (Dunand, 2007). With the exception of native natural
mummies, and later European saints, the practice of mummification ceased
altogether following the Arab conquest of Egypt around AD 640 (Gray, 1967;
Aufderheide, 2003; Beckett & Conlogue, 2005).

2.6 Summary

Even this stereotypical summary of Egyptian mummification demonstrates
considerable temporal variability and the influences of both internal and external
social change on the mummification tradition. Ultimately, however, the question
is: Why did the ancient Egyptians mummify their dead? Given the geographic
scope and temporal depth of mummification, the answer ought to remain highly
varied. Elucidation of the motives for human mummification in ancient Egypt
requires detailed information regarding, not only the Egyptian culture but also,
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the minutiae of the mummification process and the recipients of the treatment. As
technology in the fields of biology, medicine, chemistry, and biomedical physics
have advanced so, too, have the tools by which mummies are studied, and it is
from the large-scale examination of this corpus of scientific data that this study
will illuminate major trends and implied causes for mummification in ancient
Egypt.
Egyptian history was marked by long periods of cultural stability, by nativedriven cultural evolution, and by a long-standing desire to maintain continuity with
the past. While these forces may make social change less obvious (Kuhrt,
1997a), it is not inaccessible and is most readily identifiable during the periods of
decentralised control, when regional and socioeconomic variations of commonly
held themes were expressed without a single unifying direction. The First
Intermediate Period represents just such a localisation and regionalisation of
expression, of an ordered and traditional existence, and the return to central
power in the Middle Kingdom is a further continuation of Old Kingdom culture
(Kemp, 2006). Even the Second Intermediate Period, with its reviled Hyksos
‘invaders’, was only a weakening of Egyptian central power and saw, to a large
extent, the apparent Egyptianisation of the foreign kings (Kuhrt, 1997a). The
kings, courtiers, and officials of the New Kingdom continued to press for an Egypt
that in many ways resembled the old; seeking legitimacy through military
conquest and through the same gods from which their ancestors derived power
(Cashman, 2006). The Third Intermediate and Late Periods drew on that same
past glory, relying on archaisms to establish traditional order and stability in a
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drastically changing political reality, where “[c]onformity to earlier patterns of
political and religious life was therefore encouraged, and innovations – if they
were to be successful – had to adapt but not radically alter the supernaturally
sanctioned formal structure” (O’Connor, 2006:189). Even when foreign rule was
a long-term condition, under the Greeks and Romans, and an influx of foreign
people and culture threatened to subsume native culture, the Egyptians drew
strength from their perception of an unbroken connection with a past that was
ancient when their masters’ gods were young.
Far from being isolated and static over the course of 3000 years, ancient
Egypt experienced climatic and ecological changes (Butzer, 1976); violent and
peaceful contact with its neighbours; and conquest and colonisation over and by
its imperial rivals (Starr, 1991). The relationships that the Egyptian people held
with one another, with their rulers, and with their foreign subjects, by virtue of
such changing conditions, were likewise forced to change. The resulting
reordering of the society perforce makes change in the relationships with the
dead a real possibility. This rearrangement, then, should be visible in the
evolution of the Egyptian mortuary ritual, specifically that of the mummification
tradition. Indeed, as the introduction to this dissertation discusses, ancient Egypt
presents an ideal laboratory to test models of mortuary theory. Analysis of the
features of mummification and their composition, as they vary with geographic,
demographic, and social conditions, can demonstrate both how these features
relate to Egyptian societal relationships and how time and socio-political
interactions with Egypt’s neighbours brought about change in these relationships.
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3. Excerebration

A version of this chapter has been published as:
Wade AD, Garvin GJ, Nelson AJ. 2011. A synthetic radiological study of brain
treatment in ancient Egyptian mummies. HOMO – Journal of Comparative
Human Biology 62(4):248-269.

Copyright restrictions require that the original article be published in extenso. An
addendum to the published synthetic findings, based on application of the
IMPACT Radiological Mummy Database, follows the article.
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3.1.1 Introduction

Perhaps the most sensational and best-known feature of Egyptian
mummification, the removal of the brain, is commonly attributed to the New
Kingdom and onward. Indeed, many Egyptian mummies do exhibit signs of brain
removal (excerebration), most frequently with indications that the procedure was
performed transnasally. Detailed variability both within and between
excerebration techniques, however, has not been addressed comprehensively in
the literature, nor with respect to social, geographic, and temporal variation
(Nelson et al., 2007), in spite of Gray’s (1972) large-scale radiological survey of
mummies housed throughout the UK, which very clearly demonstrated the
presence of variations in mummification technique over time and across social
strata. Descriptions of Egyptian mummification, common to popular and
academic literature, are derived largely from accounts by the classical authors
Herodotus (of Halicarnassus – c.484 BCE to c. 425 BCE) and Diodorus (of Sicily
– 1st century BCE), particularly as they posit the universal retention of the heart
and the elite nature of excerebration and abdominal evisceration. However, this
normative description does not acknowledge the existence of a wide range of
variation in mummification techniques and impedes the study of temporal,
spatial, and social changes in the tradition. The goal of this study is to use the
Herodotean description as a hypothesis for empirical testing, using published
literature and primary computed tomography data, with a specific focus on the
variability, temporal trends, and status associations of the excerebration tradition.
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Reporting of excerebration indicators is often inconsistent, greatly

simplified, or simply absent indescriptions of mummified remains, making
detailed comparative studies difficult if not impossible (cf. Zweifel et al., 2009).
This study focuses on CT, as a non-destructive gold standard for mummy
studies, in the examination of three primary treatments of the brain in
mummification; transnasal craniotomy (TNC), transforaminal craniotomy (TFC),
and the absence of excerebration, in relation to their radiological indications and
their variations with time and status. In order to examine the features of mummy
excerebration this study makes use of two samples: (1) a large sample of 125
mummies adequately described in the literature, and (2) a small sample of 6
mummies for whom we had primary CT data.

3.1.2 Ancient sources

Extant ancient Egyptian descriptions of the mummification process are
extremely rare, limited to two papyri describing the ritual elements that
accompany embalming (Sauneron, 1952; Goyon, 1972) and scenes from the
Late Period coffin of Djedbastiufankh housed in the Hildesheim Museum
(Colombini et al., 2000). Few modern studies of the mummification process,
however, fail to mention the purported eyewitness account of mummification
written by the Greek historian Herodotus in the period of Persian occupation of
Egypt (490–480 BCE). Unlike later classical authors (e.g., Diodorus
Siculus), Herodotus specifically mentions excerebration as part of the most
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elaborate of mummification rituals, noting that “[t]he mode of embalming,
according to the most perfect process, is the following:- They take first a crooked
piece of iron, and with it draw out the brain through the nostrils, thus getting rid of
a portion, while the skull is cleared of the rest by rinsing with drugs. . .” (2009:Bk.
II, para. 86). In the subsequent two paragraphs, Herodotus goes on to describe
the preparation methods for those of moderate and lesser means, neither of
which involves the removal of the brain.
While Herodotus certainly presents the most complete account of the
mummification process in the ancient literature, its usefulness is limited in
consideration of the mummification practice as it evolved over three millennia
and by its imprecise observations of technique and materials (Lucas, 1931; Leek,
1969; Pirsig & Parsche, 1991; Colombini et al., 2000). However, his account can
be used to formulate a hypothesis that can be empirically tested. If Herodotus’
account is correct, then the practice of excerebration should be restricted to the
elite, it should involve removal of the brain through the nose and transnasal
excerebration should be observed in all elite mummies dating at least to the Late
Period (although popular accounts tend to generalize more broadly to the entire
span of Egyptian history).

3.1.3 Transnasal craniotomy

Transnasal craniotomy (TNC) is, by far, the best-known method of
excerebration in Egyptian mummies. Also referred to as endonasal (e.g., Gaafar
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et al., 1999), transethmoidal (e.g., Hoffman et al., 2002), and transsphenoidal
(e.g., Harbort et al., 2008), transnasal craniotomy is the process described by
Herodotus in which a trocar-like tool (Macalister, 1894; Leek, 1969; Notman,
1986; Pirsig & Parsche, 1991) is inserted into the nose to perforate the cribriform
plate – a thin table of bone between it and the anterior cranial fossa. The
multiplicity of names for the transnasal route of excerebration is the result of
varying formalized, imprecise, or idiosyncratic attempts by embalmers to make
this perforation. The multidisciplinarity of mummy studies, with contributions from
archaeologists, osteologists, radiologists, and ENT specialists to name but a few,
has also contributed to the variety in nomenclature. Transnasal craniotomy
(Aufderheide, 1998) is the most widely used term to describe this process, in
which the lacy cribriform plate of the ethmoid is, as the path of least resistance,
presumed to be the intended target and in which the ethmoid, sphenoid, nasal
septum, pituitary fossa, and parietes orbitarum are often directly perforated or
otherwise damaged (Macalister, 1894; Notman, 1986; Strouhal, 1995;
Aufderheide et al., 1999; Taconis, 2005). Macalister (1894) even made note of a
perforation attempt where the tool had been applied to the sphenoid but had
failed to enter the cranial cavity. A preference for entry through one nostril, the
left, over the other is often cited (Pirsig & Parsche, 1991; Aufderheide et al.,1999,
2004; Taconis, 2005; Taconis & Maat, 2005) but owing to the crude fashion in
which the procedure was executed in many mummies, this distinction is often
difficult to evaluate.
Speculation surrounding the steps following perforation has inspired
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experimental attempts at excerebration in sheep (Leek, 1969) and human
cadavers (Sudhoff, 1911). The general consensus is that either the brain was
macerated by means of the vigorous insertion and rotation of the perforation tool
(Aufderheide, 1998, 2003) or other similar instrument (Leek, 1969; Pirsig &
Parsche, 1991), or that the brain was simply allowed to liquefy in the hot
Egyptian environment (Aufderheide, 2003). The first method, consistent with the
account of Herodotus, is withdrawal of residues on the perforation tool or its like
(Macalister, 1894; Leek, 1969; Notman, 1986; Aufderheide, 2003), and
Macalister (1894) refers to a three-toothed hook pictured in Chabas’ Études sur
l’Antiquité Historique (p. 79) that may have been used to this effect. Similarly,
Pirsig and Parsche (1991) suggest that a bamboo rod tied with linen may have
sufficed for this piecemeal extraction of semi-liquid brain. Both of these
techniques are time intensive (Sudhoff, 1911; Leek, 1969), with the rod drawing
out little of the brain on each retraction. Alternative to, or in conjunction with, the
previous method it has been suggested that the liquefied or semi-liquid brain
might be allowed to drain from the cranium by placing the body prone (Leek,
1969). This process might also be expedited by flushing the cranium with water
(Lamb, 1901; Leek, 1969; Aufderheide, 2003) or other fluids (Taconis, 2005),
such as the cedar oil used to dissolve organs in Herodotus’ account of the
“second process” (Herodotus, 2009:Bk II, para. 87) of mummification.
In some cases, following excerebration, embalmers filled the cranial cavity
with quantities of linen and/or resin (Macalister, 1894; Strouhal et al., 1986;
Conlogue, 1999; Taconis & Maat, 2005). Finally, the nasal passage and artificial
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foramen were then typically sealed with resin-impregnated rolls (tampons) of
linen (Macalister, 1894; Aufderheide et al., 1999). Macalister (1894) proposed
that the linen plugs placed in one or both nostrils were the nehi bandages
mentioned in the Ritual of Embalming papyri (Sauneron, 1952; Goyon, 1972).

3.1.4 Transforaminal craniotomy

Removal of the brain by way of the foramen magnum, or transforaminal
craniotomy (TFC), is not a well-documented or well-understood excerebration
technique and only a handful of likely examples have been reported (Fouquet,
1897 in Lamb, 1901; Bourriau & Bashford, 1980; Strouhal et al., 1986; Bucaille,
1990; Macleod et al., 2000; Taconis & Maat, 2005; Merigaud, 2007; Nelson,
2008a). Mummies in which the brain is absent and in which the ethmoid and
sphenoid are undamaged are assumed to have undergone this method. It is
supposed that mummies of this description showing damage to the atlas and axis
(Bourriau & Bashford, 1980) or lower cervical vertebrae (Macalister, 1894) are
further evidence of transforaminal craniotomy. An untested pattern of geographic
distribution has been proposed in which this method was carried out by a school
of embalming in Memphis, as opposed to the transnasal craniotomies carried out
by a school in Thebes (Lamb, 1901; Shafik et al., 2008).
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3.1.5 Intact brain

In many mummies the brain was not removed by either the transnasal or
transforaminal route, but left intact. While the possibility of mummification of the
brain was questioned by early researchers (e.g., Lamb, 1901; see also Smith,
1902), Smith (1902:377) confirmed the presence of intact mummified brain in
skeletal remains stating that he had,
seen a prehistoric cemetery containing nearly 500 bodies, in every
one of which the brain was preserved. . .If a corpse is placed in the
sand in a well-drained situation, far above the level of the Nileflood, the brain will certainly be well preserved, whether the burial
took place in predynastic times, during the Old, Middle or New
Empires [Kingdoms], or in Christian times.
Since that time, intact mummified brains have been clearly identified in numerous
Egyptian mummies (e.g., Lewin & Harwood-Nash, 1977). Karlik et al. (2007),
performing MRI, NMR, and histological studies of the intact brain of Nakht note a
waxy, adipocere texture to the naturally preserved brain.

3.1.6 Methods and materials

This study makes use of two samples: (1) a literature review sample of
125 mummies described in the literature, and (2) a direct radiological survey
sample of 6 mummies’ CT scans examined at the University of Western Ontario.
Suitable accounts of brain treatment in the literature were located by
English Internet, journal, and PubMed database searches. Popular press articles
were not used, in spite of the many mummy imaging stories available, as the
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accounts of mummification and excerebration from these sources are often
inaccurate, insufficient, or highly sensationalized. The exception to this was the
Birmingham Museum and Art Gallery’s mummy, Padimut, for which video of the
CT scans and reconstructions is available in the online article
(Birminghamnewsroom.com, 2009).
For examples from the scholarly literature to have been deemed suitable
for this study, the article must have contained individual dating of the remains to
dynasty, where possible, or period and dating must not have been based on the
mummification style alone. The state of the literature at present does not allow
for dates to be attributed solely on style, particularly of brain treatment, without
the possibility of recursive errors. Of the examples located, only those that
contained explicit, nonconflicting description and/or illustration of the brain
treatment were used. Computed tomography images of brain presence or
ethmoid/sphenoid damage were considered positive evidence of brain treatment,
while plain film radiograph images and other CT images were used only where
explicit description of brain treatment was available. In cases of apparent conflict
between illustrations and descriptions (e.g., Sigmund & Minas, 2002), the
example was excluded from the study. Mummies were categorized by brain
treatment type (TNC, TFC, Intact) and by time period. Confirmed and detailed
descriptions of brain treatments other than the three noted here (e.g.,
opportunistic trauma-related excerebration) were not encountered in the
literature.
The smaller radiological survey sample was drawn from mummies for
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which original CT data were immediately available. The mummies in this sample
include: (1) the 21st Dynasty mummy ROM 910.5.3 (Nelson, 2008b), housed at
the Royal Ontario Museum (ROM); (2) the 22nd Dynasty mummy of
Djedmaatesankh (Lewin & Harwood-Nash, 1977; Harwood-Nash, 1979; Melcher
et al., 1997), also housed at the ROM; (3) the 26th Dynasty mummy of HetepBastet (Nelson, 2008a), housed at the Galerie de l’Université du Québec à
Montréal; (4) the Late Period mummy Pa-Ib (Nelson et al., 2007), housed at the
Barnum Museum; (5) the Ptolemaic Period Sulman mummy (Gardner et al.,
2004), housed at the Chatham-Kent Museum; and (6) the Roman Period mummy
Lady Hudson (Nelson et al., 2007), housed at the University of Western Ontario.
A detailed examination of the head and neck of each mummy from the original
DICOM data was performed using GE Healthcare Microview 2.1.2
(microview.sourceforge.net) and 3D Slicer 3.21.0 (www.slicer.org). This study
focused on CT data as a non-destructive gold standard for mummies studies
(O’Brien et al., 2009). Computed tomography provides an ideal means by which
to non-destructively examine mummified human remains for signs of
excerebration; a view of the internal structure of the skull unhampered by the
superimposition that is characteristic of plain film radiographs.

3.1.7 Literature review sample findings

The details related to the exact transnasal route, including side
preference, transethmoid perforation, transsphenoid perforation, and the extent
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of damage to surrounding elements, were often unreported. Descriptions of the
cranial cavity inconsistently reported the presence of brain remnants, dural
remnants, bone fragments, packing materials such as linen and resin, and nasal
tampons. As none of these items were consistently available, a cogent analysis
of their prevalence was not possible. Identification of brain treatment was, as a
result of these inconsistent or incomplete descriptions, limited to categorization
as transnasal, transforaminal, or intact and these categories were examined
with respect to their incidence and prevalence in time, and by social status where
possible. Direct references with explicit descriptions or depictions of brain
treatment were identified for 125 mummies (Table 1), including:
•

92 mummies exhibiting transnasal craniotomy;

•

6 mummies exhibiting transforaminal craniotomy; and

•

27 mummies exhibiting an intact brain.

Transnasal craniotomy was the most common (74% of datable mummies in this
literature sample) method of excerebration reported in the literature. Nicolaeff
(1930) reported that 23.2% of the 413 mummy heads in the Musée d’Histoire
Naturelle de Paris collection exhibited TNC. Of these excerebrated individuals,
the earliest (4.6%) were attributed to the Fourth Dynasty and the majority to the
Ptolemaic Period, in which 50% showed evidence of TNC. Macalister (1894)
reported a 56% prevalence of TNC in the approximately 500 mummified heads in
the Cambridge Anatomical Museum collection, dating from the 12th, 19th, 22nd,
and 26th Dynasties and the Ptolemaic Period. This collection was damaged
during the Second World War, reducing the number to 327 heads, but
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subsequent examination of the remaining heads has confirmed this high
prevalence (Leek, 1969). Oeteking (1909, in Pirsig & Parsche, 1991) likewise
found a 50% prevalence of TNC perforation in 182 mummified heads and skulls,
in the Collection of the University of Zürich, most of which were 18th Dynasty
Theban remains. Pirsig and Parsche (1991), studying the New Kingdom sample
from Thebes and Abydos (Mook Collection) housed at the Institut für
Anthropologie und Humangenetik in Munich, found that 88 of approximately 130
(∼66%) skulls and mummified heads showed signs of TNC. Taconis and Maat
(2005) noted that 30 of 37 (81%) crania demonstrated TNC in their sample of
Third Intermediate Period to Roman Period mummies from the National Museum
of Antiquities in Leiden. Strouhal et al. (1986) found a 91% prevalence of TNC in
22 heads, dating from the Third Intermediate Period to the Byzantine Period.
Only the Byzantine heads did not demonstrate signs of TNC. Studying the
human remains of the Late Ptolemaic-Roman Period Kellis site in the Dakhleh
Oasis, Aufderheide et al. (2004) reported 33 of 35 (94%) individuals showed
signs of TNC and Lichtenberg (1994, in Aufderheide, 2003) found that TNC had
been performed in two-thirds of heads in the Roman Period at the
contemporaneous Kargha Oasis site of Douch (Dush).
Transforaminal craniotomy is rarely (4.8% in this literature sample)
reported in the literature. One frequently cited example of this method is King
Ahmose (c. 1540 BCE; JE 262610/CG61056, Egyptian Museum, Cairo – Taylor,
2001; also Ikram, 2003; Shafik et al., 2008; Hawass et al., 2009), in which the
brain is absent and the head has been incompletely separated from the body.
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Taconis and Maat (2005) make note of two mummies in the Leiden collection
that lack both brains and ethmoid air cell destruction. Extensive damage to the
cervical vertebrae and the base of the skull indicates the possibility that TFC was
performed on these individuals. Bourriau and Bashford (1980) also report a likely
example of TFC in which the brain has been removed, although not through the
nose, and in which the right posterior arch of the atlas is missing.
Only six examples of TFC were located in the datable literature. Of these
six, only two (Bourriau & Bashford, 1980; Macleod et al., 2000) could be
attributed to a particular geographic region, in this case the Lower Egypt site of
Hawara and the northern Middle Egypt site of Hibeh. This distinction was noted
in light of the preference, proposed by authors such as Czermak (in Lamb, 1901),
for TFC in Lower Egypt and TNC in Upper Egypt.
Explicit note of individuals with intact brains is not commonly (22% in this
literature sample) made in the literature, and no assumption was made here that
those crania not exhibiting TNC were necessarily intact. Taconis and Maat
(2005) do note four individuals in which the cribriform plate was intact and the
brain present. Pettigrew (1834:56, in Lamb, 1901) reported that the mummy of
Kannopis and the head of another mummy from Thebes contained intact brains
and Garson (undated, in Macalister, 1894) discussed the presence of intact
brains in a series of twenty-three Fourth Dynasty mummies from Meidum.
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3.1.8 Radiological survey sample findings

Djedmaatesankh
The brain has been neatly removed through the right nostril in this
individual. The entirety of the brain is absent (Fig. 1A), but little damage has been
done to the falx cerebri or the tentorium cerebelli. Both dural partitions are in situ
(Fig. 1A) and largely intact. Only the anterior of the right ethmoid air cells
appears damaged (Fig. 1B). The nasal septum, conchae and left and posterior
right ethmoid air cells are intact. Through this perforation, the cranial cavity has
been evacuated and loosely packed with linen, which crosses the falx cerebri
centrally (Fig. 1C – thin lines). A rolled linen tampon has been inserted into the
right nostril (Fig. 1B and C – thick line). The base of the skull and the vertebrae
are unremarkable, and the dural sheath of the spinal cord is intact below the
foramen magnum. An opacification of the junction of the dural partitions is noted
incidentally.

Lady Hudson
The brain has been removed transnasally in this individual. The entirety of the
brain is absent and the dura is apparent. The tentorium cerebelli is present and
the falx cerebri is visible posteriorly. The right ethmoid air cells are partly intact,
but damage is apparent in the left ethmoid air cells and the left paries medialis
orbitae (Fig. 2A). Damage to the sphenoid sinuses is also apparent, with the
superior aspect of the sphenoid absent (Fig. 2D). The posterior quarter of the

	
  

	
  

	
  

	
  

Figure 1. CT scan of Djedmaatesankh, showing (A) the dural partitions, (B) the damaged ethmoid air cells, (C) a nasal
tampon (thick line), and the falx cerebri (thin lines) crossed by linen.
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Figure 2. CT scan of Lady Hudson, showing (A) the damaged orbit and ethmoid air cells, (B) the resin pooled in the
posterior cranium and maxillary sinus (thin lines), a potential sphenoid fragment (thick line), (C) resin-impregnated linen
rolls (indicated), and (D) the nasal tampon.
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cranial cavity is filled with resin that has pooled on either side of the remnants of
the falx cerebri (Fig. 2B – thin lines). Resin is also present in the posterior of the
maxillary sinuses (Fig. 2B – thin lines), in the right more so than the left. Several
fragments of ossific density are noted embedded in the resin. One fragment,
surrounded by a lower density material (soft tissue?) that was present when the
resin hardened, appears septated and may be the section of missing sphenoid
sinus (Fig. 2B – thick line). Two resin-impregnated linen rolls in the cerebellar
fossa and a third roll superiorly to the left are also apparent (Fig. 2C – indicated).
A linen tampon impregnated with resin is present in the nose (Fig. 2D), beginning
centrally at the nares and trending left as it enters the cranial cavity. The skull
base and spine are unremarkable save for the absence of the spinal cord, and,
again, an opacification of the junction of the dural partitions is noted. The cause
for the absence of the spinal cord cannot be conclusively determined owing to
the separation of the head and neck from the remainder of the body.

Pa-Ib
The brain has been removed through the right nostril in this individual. The
brain is absent in its entirety as is the dura (Fig. 3A). The right ethmoid air cells,
right paries medialis orbitae (Fig. 3B), and superior aspect of the sphenoid are
damaged (Fig. 3C). The left ethmoid air cells and inferior conchae are intact.
Resin is present in the posterior third of the cranial cavity and the posterior of the
frontal, sphenoid, and left maxillary sinuses, as well as in the posterior aspect of
the naso/oro/hypopharynx. The resin in the posterior of the cranial cavity lies in

	
  

	
  

	
  

	
  

Figure 3. CT scan of Pa-Ib, showing (A) the absence of brain and dura, (B) the damaged orbit and ethmoid air cells, (C)
the damaged sphenoid, and (D) resin and bone fragments in posterior cranium.
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two apparent layers, with cracks present in the upper layer (Fig. 3C and D). Two
small opacities are present on the surface of the resin. Innumerable tiny opacities
and a larger, thin, medium-density object, possibly a thin bone fragment (Fig.
3D), are present in the posterior of the cranial cavity at the bottom of the resin.
No nasal tampon is present and the skull base and spine are unremarkable, save
for the absence of the spinal cord to the level of the sixth cervical vertebra where
the head is separated from the remainder of the body. The spinal cord is present
in the thoracic vertebrae.

Hetep-Bastet
The brain is absent in this individual with no signs of transnasal
craniotomy. The brain is mostly or completely absent, with a possible fragment
remaining adherent posteriorly (Fig. 4A), and the dura is present, with the falx
cerebri present only anteriorly. The conchae, nasal septum, and ethmoid air cells
are completely intact (Fig. 4B). A medium density mass, consistent with a resinimpregnated piece of linen is present just deep to the inner table of the skull on
the left above the sphenoid (Fig. 4C). The inner resin-impregnated wrappings of
the mummy run along the inferior of the skull to the foramen magnum and
continue anteriorly slightly past the foramen magnum’s posterior border (Fig. 4D).
This individual’s head is separate from the rest of the body and the original
condition of the vertebrae cannot be determined, as the entire thoracic cage is
disarticulated and lies in a scramble in the abdominal cavity (Nelson, 2008a).

	
  

	
  

	
  

	
  

Figure 4. CT scan of Hetep-Bastet, showing (A) brain absence with a possible remaining fragment, (B) the intact conchae,
nasal septum, and ethmoid air cells, (C) resin-impregnated linen in the cranium, and (D) the margin of the wrappings in
relation to the foramen magnum.
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ROM 910.5.3
The brain is intact (Fig. 5A) in this individual and the dura is readily
apparent, including the dural partitions (Fig. 5B). The ethmoid air cells, nasal
septum, and conchae are completely intact (Fig. 5C). There is no nasal tampon
present and the skull base, spine, and spinal cord are unremarkable.

Sulman mummy
The brain is intact in this individual and the dura is visible anteriorly. The
mummified brain has rotated almost 90◦ on the antero-posterior axis, such that
the longitudinal fissure is now horizontal (Fig. 6A). The posterior of the brain has
fragmented slightly, resulting in a granular appearance there (Fig. 6B –
indicated). The ethmoid air cells, conchae, and nasal septum are all completely
intact (Fig. 6C). Several small opacities are present in the posterior of the skull
(Fig. 6B), amongst the fragmented portion of the brain, that may represent
fragments of inner table missing from the superior aspect of the basilar occiput.
The spine, and indeed much of the postcranial skeleton, is out of anatomical
alignment in this mummy, with the result that the spinal cord is absent from the
cervical vertebrae. No nasal tampons are present in this individual.

	
  

	
  

	
  

	
  

Figure 5. CT scan of ROM 910.5.3, showing (A) the intact brain, (B) the dural partitions, and (C) the intact conchae, nasal
septum, and ethmoid air cells.
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Figure 6. CT scan of the Sulman mummy, showing (A) the intact rotated brain, (B) the granular fragmentation of the brain
posteriorly, a potential basilar occiput fragment (indicated), and (C) the intact conchae, nasal septum, and ethmoid air
cells.
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3.1.9 Discussion

The literature review demonstrates a trend towards increasing use of the
TNC excerebration technique over time, beginning with a very low prevalence
(4.6%) possibly as early as the Old Kingdom and increasing to 50–66% through
the New Kingdom and approximately 90% in the Ptolemaic and Roman Periods.
The earliest TNC examples have been described as Fourth Dynasty (Nicolaeff,
1930, in Strouhal, 1995) and belong to the Mariette collection from Saqqara,
housed in the Musée de l’Homme (Musée d’Histoire Naturelle) in Paris. The
validity of these very early examples TNC has been questioned in relation to
dating of the samples, which was performed in the late 1800s (Strouhal, 1986,
1995). In spite of their importance to establishing Old Kingdom TNC, they have
not yet been conclusively dated (Philippe Mennecier, Musée de l’Homme, pers.
comm.). Another likely example of TNC from the Fourth Dynasty comes from
skeletal remains in the Western cemetery of Khufu’s pyramid at Giza (Leek,
1980). Strouhal et al. (2000) have since reported a possible 5th Dynasty case of
TNC from Abusir and cite examples of 6th Dynasty TNC in the skeletal remains
of Shepsipuptah at Saqqara (Strouhal & Horackova, unpublished) and 8th
Dynasty TNC in mummies from Hagarsa (Bailey, 1993, in Strouhal et al., 2000).
While it has been argued that there is no solid evidence of TNC prior to
the 18th Dynasty (Smith, 1902; Brier, 1994; Conlogue, 1999), Strouhal and
colleagues (Strouhal et al., 1986; Strouhal, 1995) have reported seven cases of
TNC in mummies securely dated to the Middle Kingdom. These include two
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upper social class males at Lisht, two queens in Amenemhet III’s pyramid at
Dashour, the Manchester Museum’s Nakht-Ankh, the Boston Museum of Fine
Arts’ Djehuty-Nakht, and an unpublished Lisht mummy housed at the New York
Metropolitan Museum of Art (Strouhal, 1995). The case of Djehuty-Nakht, an
11th Dynasty mummy from Deir el-Bersha, is of particular interest as the head
has been covered by modeled linen and painted with facial features, an Old
Kingdom practice later replaced by cartonnage masks (Marx & D’Auria, 1986;
Ikram, 2003). Strouhal (1995:860), in discussing the cumulative incidence of
mummification features over time in progressively lower social classes, observes
that “[e]very new achievement was reserved initially for the king, later for the
members of his family and the highest officials, and only gradually became
accessible to members of the middle class”. Given that the earliest secure
examples of TNC are present in nobles and queens in the Middle Kingdom, it is
logical that the incipience of TNC belongs to an even earlier period. Considering,
also, that mummification and mummies supposedly suffered in the tumultuous
First Intermediate Period (Lombardi, 1999; Aufderheide, 2003), it is possible that
TNC began in the Old Kingdom, or, at least, very early in the Middle Kingdom.
Where descriptions permitted, the samples were also considered with
respect to status. This additional criterion resulted in a much smaller sample (n =
46: 26 TNC, 4 TFC, and 16 Intact). Status was divided coarsely into Elite and
Commoner remains, in which elite remains belonged to pharaohs, queens,
priests, and administrators and commoner remains belonged to those ruled by
the elite group. Kemp (1983:81) divides Egyptian society into three status
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Figure 7. Graph of the incidence of brain treatments by period, divided between
elite and commoner status groups. Examples with dates across one or more time
period were divided equally between both periods.
groups; “literate men wielding authority derived from the king, those subordinate
to them (doorkeepers, soldiers, quarrymen, and so on), and the illiterate
peasantry” who were not believed to have been anthropogenically mummified. In
the case of all three brain treatments, elite use preceded commoner use by two
to three historic periods (Fig. 7), lending support to Strouhal’s (1995) assertion.
Strouhal (1995:861) also notes the crude destruction of numerous structures in
the nasal corridor:
the embalmers destroyed all internal anatomical structures in the
nasal corridor. The perforation in the cribriform plate was too large
(several centimeters in diameter) and in three of the four cases the
sphenoid sinus was also perforated (‘fausse route’). Medial walls
of the orbits and sometimes even the hard palate were perforated
by unskilled manipulation of the instruments. The extraction of the
brain was not complete in one of the cases.
He suggests that this represents evidence that the technique had not been
perfected in the Middle Kingdom. That much later Late and Roman Period
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mummies (e.g., Pa-Ib, Lady Hudson) exhibit similar destruction of multiple
perinasal structures (Figs. 2 and 3), when the technique was most popular, would
imply that Strouhal’s Middle Kingdom examples of TNC may have been
performed inexpertly rather than experimentally. More importantly, TNC is
present in a substantial number of commoner mummies, and absent in still more
elite mummies. Aufderheide et al. (2004) and Lichtenberg (1994), working in the
Dakhleh and Kharga Oases, also report a much greater emphasis on
excerebration than on evisceration in commoner and elite mummies alike.
Regardless of its temporal origin, transnasal craniotomy appears to
become increasingly popular from the Middle Kingdom onward, declining briefly
in the Third Intermediate Period, and likely finds its peak popularity in the
Ptolemaic and Roman Periods (Fig. 8). The high prevalence of mummies

Figure 8. Graph of the incidence of brain treatments by period, including ratios of
TNC to non-TNC treatment. Examples with dates across one or more time period
were divided equally between both periods.
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exhibiting TNC from these periods may not be simple popularity. The great
numbers in which Roman Period mummies have been studied, it has been
suggested, is a result of the admittedly large numbers embalmed in this period,
the superior preservation of those embalmed in this manner, and their popular
presence in museum collections (Bourriau & Bashford, 1980). The probability
of preservation and of entering into a museum collection, however, is not likely
affected by treatment of the brain, and their prevalence in museum collections is
not likely to be a factor affecting the prevalence of brain treatments within that
period.
The ratio of TNC to non-TNC treatments is 15:1 in the Ptolemaic Period
and 3:1 in the Roman Period. The increased incidence and prevalence of TNC
needs to be placed in context with the high rate of mummification overall in these
periods and the large cache of Late and Ptolemaic Period mummies located in
the Bahariya Oasis (Hawass, 2000) may provide a suitable comparative context.
The number of mummies exhibiting TNC in the Late Period decreases relative to
the apparent trend. However, since there is a general scarcity of Late Period
mummies (Aufderheide, 2003), this number remains an indicator of substantial
application of the TNC treatment. Indeed, the paucity of Late Period mummies in
the Nile Valley necessitated the use of Nubian mummy data in Smith and
Dawson’s (1924) examination of this period. The ratio of TNC examples to all
other treatments in this sample, however, remains at approximately 2:1 between
the New Kingdom and Late Period.
A G-test showed no significant difference (p = 0.628) between distributions
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Figure 9. Graph of the ratios of craniotomy (TNC and TFC) to non-craniotomy
(intact) treatment by period.
from the New Kingdom to Late Period, for all three treatments, and a significant
difference between these three time periods and the Ptolemaic Period (p =
0.001). Reduction of the treatment categories to craniotomy versus
noncraniotomy treatments (Fig. 9) produced similar results for the New Kingdom
to Late Period stability (p = 0.697) and significant difference in the Ptolemaic
Period (p = 0.005). The difference between the Ptolemaic and Roman Periods
was not conservatively significant (p = 0.097), although the pattern may be of
cultural importance and invites investigation of other ways these two periods
might differ from one another, and from the others, and how those differences
impacted the mortuary ritual.
Transforaminal craniotomy remained a rarely used technique throughout
its application, from the 18th Dynasty to the Roman Period. That there are more

	
  

	
  

118	
  

examples present in the Roman Period than in any other period, again, may be
more a matter of increased incidence and preservation than of increased
prevalence. Questionable examples exist elsewhere in the literature (e.g.,
Fleming et al., 1980:50, 69), but are without solid evidence of intentional removal
of the brain at the time of initial embalming. More conclusive examples may be
forthcoming from Abydos, where the upper cervical vertebrae of excerebrated
mummies were removed without detaching the head (B. Baker, pers. comm.).
Some purported examples of TFC may simply be the result of subsequent rough
handling that has fragmented an intact brain sufficiently for it to settle out from a
dislodged or damaged head. This process may have been further exacerbated
by modern restorations and ancient repairs, common in the Third Intermediate
Period and crudely done in the Roman Period (Taylor, 2001:87, 91). Not
uncommonly, a wooden stick (Macalister, 1894; Cesarani et al., 2003; Taconis &
Maat, 2005) or palm branch (Aufderheide et al., 2004) was placed through the
foramen magnum and cervical vertebrae, supposedly for this purpose.
Introduction of such a device would certainly damage any fragile mummified
cerebral remains. Detailed radiographic, specifically CT, studies are the most
reliable means by which to study these crania and allow, too, for the reliable
identification of non-TNC, non-TFC individuals that have been opportunistically
excerebrated via pre-existing trauma to the skull (Marx & D’Auria, 1986).
The prevalence of mummies with intact brains is poorly documented. Just
as the absence of evidence is not evidence of absence, so too the lack of explicit
descriptions of intact brains does not prove a lack of actual mummies with intact
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brains. As more mummies are studied radiographically one may expect that more
definitive examples of intact mummified brains will enter the literature. Likewise,
as more mummies supposed, from their lack of TNC indicators, to have intact
brains are studied radiographically, more examples of TFC may be forthcoming.
Until more examples of TFC are located with accurate provenience data,
however, the question of a North/South distribution pattern between TNC and
TFC excerebrations cannot be addressed.
The details of the technique by which TNC was performed, particularly the
preference for entry by the left nostril over the right (Macalister, 1894; Leek,
1969; Aufderheide, 1998; Taconis & Maat, 2005), are frequently mentioned in the
literature. More detailed descriptions of the currently known examples of TNC are
required to test any hypotheses, but it has been suggested by Pirsig and Parsche
(1991) that the predominance of entries through the left nostril is a question of
handedness. Considerable force would be required to drive a trocar-like
instrument into the cranial cavity were the instrument to pass through anything
more than the cribriform plate alone (Leek, 1969). Standing beside a supine
body, the most comfortable position for a right-handed surgeon to work on the
head is to the right of the body (Pirsig & Parsche, 1991). If the same can be
assumed to be true of the righthanded embalmer, then greater pressure on the
perforator can be generated by entering through the left nostril, particularly if a
mallet (Leek, 1969) is required to fully penetrate the sphenoid body. Such a
perforation would also tend to be directed from left to right, a finding supported by
Macke’s (1993) and Pirsig and Parsche’s (1991) studies of TNC routes. In
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addition to a left-to-right angle of entry, the preference for a relatively high (near
perpendicular to the face) angle of entry (Macke, 1993) minimizes the chance of
damage to the surface structure of the nose and is consistent with the findings of
transsphenoidal examples of TNC. Care for preservation of the aesthetics of the
face was an important feature of the Ritual of Embalming, exemplified by the line:
‘She comes to thee, Hathor, the beautiful face, she makes the face perfect before
the gods’ (Macalister, 1894:116).
Attention has also been given to the quality of the edges of TNC
perforations (Pirsig & Parsche, 1991; Pahor, 1992, 2003). The smoothed edges
of transethmoid and transsphenoid perforations have drawn speculation (Pirsig
and Parsche, 1991) on the possibility of intentional polishing of the perforation’s
borders with sand-covered linen-wrapped rods. A more likely possibility, hinted at
by Pirsig and Parsche’s (1991) linen-cupped bamboo rod and consistent with
Leek’s (1969) coil-tipped maceration instrument, is the use of linen tied to an
instrument or forced into the cranial cavity on its own and subsequently removed
to clean out the remnants of the brain. Such a process, were it employed, might
break down or wear down sharp edges on the perforation margins. Withdrawal of
the dura, which may represent the hooking out of brain to which Herodotus
refers, might likewise serve to ablate and smooth the perforation’s edges.
Similarly, the edges may have become smoothed by the repeated twisting of the
perforation tool to macerate the brain. Repeated insertions of a perforation or
maceration tool is likely responsible for the scalloping of edges in the TNC defect
in Pa-Ib (Nelson et al., 2007) and Ramesses V (Bucaille, 1990). Naturally, the
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presence of “preserved brain smeared bandages would not be distinguishable
from other masses of used natron-containing packages often interred with or
near the body” (Aufderheide, 1998:258), and while Iskander (1980:19) claims to
have “found some remains of organic matter which was most probably remains
of brain in sweepings of mummification”, these technical possibilities are
speculative at best.
The purpose of excerebration has also been questioned (Aufderheide,
1998) as examples exist at the Kellis site of individuals on whom TNC has been
performed but other anthropogenic mummification practices have not.
Aufderheide (1998) suggests that excerebration may not have been purely
functional or may have evolved beyond functionality (that is, removing the
watery, putrid brain) and may represent a spiritual practice, such as providing the
spirit with a means of escape. He cites Maspero, by way of Smith and Dawson
(1924:100 in Aufderheide, 1998), in describing a hole in the skulls of Meneptah,
Sety II, and Ramesses IV, V, and VI as a means by which evil spirits might exit
the head and implies a homologous connection to the door painted on tomb walls
intended to accommodate access to the tomb by the spirit of the deceased. This
is, naturally, greatly speculative but begs the question of why produce a hole
transnasally, or indeed transforaminally, rather than at the top of the head? Why,
then, remove the brain? Furthermore, if the intention was access for the returning
spirit of the deceased, as in the case of the door painting, why should the hole be
plugged in the vast majority of cases with rolled linen and resin? Additionally,
why add resin or linen to the cavity? While the answers to these questions are
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certainly out of the reach of the current investigation, they do bear consideration
given the seemingly paradoxical remains at Kellis.

3.1.10 Radiological markers

Before any of the possibilities entertained above can be considered,
accurate identification of brain treatments is required. Radiological markers of
excerebration, beyond the complete absence of the brain, are difficult to assess
in plain film radiographs without films of multiple viewing angles (Bucaille, 1990).
Computed tomography, unhindered by superimposition, is the most efficient and
most effective means by which to accurately assess brain treatment.
Excerebration is, obviously, marked by the absence of the brain from the
cranial cavity. A lateral plain film projection can easily provide an indication of
complete brain absence or of packing materials (linen, clay, sand, resin) present
in the cranial cavity (Conlogue, 1999). When intact, the mummified brain is
present in the posterior of the cranial cavity (Marx & D’Auria, 1986), reduced to
approximately one quarter its original size (Hirata, 2005) (Figs. 5 and 6). This
reduction can easily be misinterpreted as removal of all but the occipital lobes
and/or cerebellum. It is unlikely that, if maceration were performed incompletely,
the remaining brain fragments would remain in the cranial cavity without being
evacuated in subsequent handling of the body. The action of the possible rinsing,
wiping, and putrefying heat would typically reduce the fragments to a liquid state
in a matter of days (Strouhal, 1995). When intact, the heterogeneous, medium
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density mass of the mummified brain exhibits an irregular, undulating border
suggestive of gyri and sulci and frequently has an identifiable midline fissure
(Russell et al., 1980; Fawcitt et al., 1984; Hirata, 2005). This longitudinal fissure,
often visible in frontal projections, is an important feature by which an intact brain
can be identified (Fawcitt et al., 1984). It should be noted, however, that the
orientation of the brain may change and the longitudinal fissure may no longer
align with the sagittal midline, as in the case of the Sulman mummy described
here (Fig. 6).
Dural membranes, particularly the dural partitions (falx cerebri and
tentorium cerebelli), are often present in excerebrated crania (Strouhal, 1995;
Taconis, 2005) (Figs. 1, 2 and 4) and very often visible in intact crania (Figs. 5
and 6). In plain film radiographs, these structures are not directly visible but may
be inferred by their interaction with other materials in the cranial cavity. Linen
packing, as in the case of Djedmaatesankh (Fig. 1), or pools of resin, as in the
case of Lady Hudson (Fig. 2), may be visibly divided or channeled by remnant
dural partitions (Marx & D’Auria, 1986). It is possible to visualize dural remnants
in CT scans of the cranium, particularly when encased within higher density resin
introduced to the cranial cavity (Strouhal et al., 1986) (Fig. 2).
Damaged ethmoid, sphenoid, and conchae, are hinted at by the absence
of obvious contours and interfaces on plain film radiographs (Bucaille, 1990;
Pirsig & Parsche, 1991) and damage is clearly visualized in CT scans (Figs. 1–
3). Absence of a concha or paries orbitae profile on only one side in frontal
projections is a likely indicator of TNC (Pirsig & Parsche, 1991) but may not
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always be present, as in the case of Djedmaatesankh and the neat ethmoidal
perforation made there (Fig. 1). Subtle damage to deep or complex structures,
such as the sella turcica and ethmoid air cells, is difficult to visualize without
multiple plane film projections (Miller, 2008) or CT. Furthermore, an undisplaced
fracture of the paries orbitae or nasal septum may not be visible in any but a
handful of plain film views and will likely only be noted on CT scans. Fracture
fragments, however, are relatively easy to identify in both plain films and CT
scans (Fawcitt et al., 1984; Conlogue, 1999). Displacement of the crista galli,
nasal septum, or parietes orbitarum, visible in frontal projections, may also
indicate TNC on plain film radiographs (Fawcitt et al., 1984; Notman, 1986;
Conlogue, 1999). In all cases, however, detailed, three-dimensional data about
damage to paranasal structures are most informative and are most easily
collected by CT studies.
Evidence of TFC is often less definitive, typically marked only by the
absence of a brain and the absence of TNC indicators or any other artificial route
of entry into the cranial vault. Further circumstantial evidence of TFC may be
found in the disposition of the mummy’s skin and wrappings at the skull base.
Discrete damage to the skin at the posterior of the skull base or wrappings that
intrude into the foramen magnum, as in Hetep-Bastet’s mummy (Fig. 4), are
suggestive of the presence of an embalming incision at the base of the skull for
the purpose of TFC but may be the result of perimortem trauma prior to
embalming. Shafik et al. (2008) make particular note of removal of the atlas, as in
the case of Ahmose, and Fouquet (1897, in Lamb, 1901) suggested that TFC
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could only be performed by first removing the head. While the latter seems an
unlikely technique, given the Egyptian preoccupation with aesthetics, the missing
atlas of Ahmose and the damaged atlas of Bourriau and Bashford’s (1980) Hibeh
mummy would seem to indicate that damage of this nature can be expected of
TFC excerebrations. Visualization of both absence and displaced fracture of the
superior cervical vertebrae is possible in plain film radiography, but undisplaced
fractures and subtle damage to the vertebrae and occiput may be more reliably
noted on CT scans. The presence of resin in the foramen magnum or vertebral
canal should not necessarily be considered indicative of TFC, as this may occur
when resin from the abdominal cavity enters the vertebral canal and overflows
the foramen magnum into the cranial cavity (Aufderheide, 2003:254). In none of
the cases of probable TFC, noted here, is poured resin present in the cranial
cavity (Table 1).
Resin in the cranial cavity is both the most recognizable material and the
most likely indication that excerebration has been performed. Although there
remains the possibility that resin was introduced to the cranial cavity as overflow
from the abdominal cavity (Aufderheide, 2003), resin is frequently present in
cases of TNC excerebration (Table 1). Resin is a relatively high density,
homogeneous material, approaching the radiodensity of bone and, when
introduced to the cranial cavity as a liquid, settles to the lowest point (Figs. 2 and
3). Resin’s relative homogeneity serves to distinguish it from a similar pattern of
cranial packing with sand, dried mud, or clay (Taconis & Maat, 2005). Resin is
sometimes referred to as demonstrating an air-fluid or fluid-fluid level (e.g.,
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Pickering et al., 1990), such as that seen clinically in a hydropneumothorax or
aneurysmal bone cyst. More accurately designated a straight level (Strouhal et
al., 1986) or solidified fluid level, the superior surface of the resin is flat or nearly
flat (Figs. 2 and 3). Movement of the head while the resin was solidifying may
result in a surface slightly curved up the sides of the cranial cavity, as in the case
of Lady Hudson (Fig. 2), or, in the case of Tutankhamun (Boyer et al., 2003),
multiple non-parallel solidified fluid levels. Secondary applications of resin, after
the initial layer has begun to solidify, may also result in parallel or near parallel
solidified fluid levels (Hoffman & Hudgins, 2002) (Fig. 3). If the paranasal sinuses
were damaged in the excerebration process, similar solidified fluid levels may be
apparent in the posterior aspect of the affected sinuses, as in the cases of Lady
Hudson and Pa-Ib (Figs. 2 and 3).
Rolled linen nasal tampons are easily identified by their placement (Figs. 1
and 2) and more so when made more radiodense by resin-impregnation (Fig. 2).
Untreated linen packing may also be appreciable, especially in CT scans where it
demonstrates the characteristic folded structure (Strouhal et al., 1986) apparent
in the cranial cavity of Djedmaatesankh (Fig. 1). Resin-impregnated linen
packing, without the characteristic folding, can be identified as such where a
resin density mass is located somewhere other than in the dependent portion of
the cranial cavity and does not demonstrate a solidified fluid level (Fig. 4). A
more positive identification of resin-impregnated linen can be made in cases
where the linen mass has a rolled structure, as in the case of the rolled structures
in the cerebellar fossa of Lady Hudson (Fig. 2).
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3.1.11 Conclusions

In spite of an apparent high degree of variability, both the popular press
and academic literature continue to focus on stereotypes, modern and classical.
Despite the inadequacy of much of the literature to provide details for large-scale
comparative studies, there is clearly substantial variability apparent both between
and within the excerebration techniques discussed here. To return to the
hypothesis laid out at the beginning of this paper, following Herodotus, the
practice of excerebration should be restricted to the elite, it should involve
removal of the brain through the nose and transnasal excerebration should be
observed in all elite mummies dating to the Late Period (the time when he was
writing). Transnasal craniotomy presence in a substantial number of commoner
mummies, and its absence in numerous elite mummies, belies the emphasis
placed on it by Herodotus as a feature specific to the most elaborate (elite) of
mummification procedures. The existence of transforaminal craniotomy
demonstrates the existence of variation in technique not accounted for in
Herodotus’ description. Finally, transnasal craniotomy is not observed in all elite
mummies from the Late Period. Even when the prevalence of this practice
reaches its peak in the Roman period, many mummies did not receive this
treatment. Therefore, the hypothesis constructed from Herodotus’ stereotyped
account is falsified, and his and other classical accounts, must no longer be
taken as the de facto rule of the treatment of the brain in Egyptian
mummification. His imprecise, possibly second-hand, description should only be
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considered as a possible snapshot of the TNC process performed by one
embalmer in the Late Period; a snapshot that does not express the full range of
variation in the practice throughout the entirety of Egypt over the course of three
millennia.
Some of this variability is expressed in the literature review sample, which
demonstrates an unexpected increase in excerebration prevalence, peaking in
the Ptolemaic; the possibility of very early beginnings for TNC, even as early as
the Fourth Dynasty; and the precedence of high status mummification and
excerebration to that of their middle class subjects. Although more early
examples of TNC continue to enter the literature, it is of the utmost importance
that these individuals are firmly dated to establish the veracity of claims to the
technique’s Old Kingdom origins. The traditional understanding of the Late-toRoman Periods, as being increasingly in favour of external elaborations (e.g.,
complex geometric wrappings) rather than internal mummification features
(D’Auria et al., 1992; Aufderheide, 2003; Chan et al., 2008), also appears to be
strongly contradicted by the increased incidence and prevalence of
excerebration, specifically TNC, in these periods.
The sharp decrease in excerebration and TNC prevalence in the Roman
Period may indicate the general decline in intensive mummification towards the
end of the Roman Period. Little can be said beyond this point in time, as
traditional Egyptian mummification and excerebration declined rapidly in the late
Roman Period (Ikram, 2003) and ceased in all but Upper Egypt and Nubia by the
third century CE, surviving there until the introduction of Islam to the region
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(Strouhal, 1995).
While transnasal craniotomy is the most commonly reported method of
excerebration in the literature, there are still many questions surrounding its
execution. Until more explicit descriptions of TNC excerebrations are made
available, the nature and evolution of TNC cannot be addressed and technical
issues, such as nostril preference, perforation smoothing, and perforation
scalloping, cannot be adequately investigated. Transforaminal craniotomy, on the
other hand, is rarely reported in the literature. This rarity is likely a result of both
its actual low prevalence and of the failure to appreciate its presence in crania
which have only been examined macroscopically and which show no signs of
TNC. There are insufficient examples of TFC to appreciate technical differences,
but the proposed North/South distribution difference between TNC and TFC
excerebrations may be possible to study. Such a line of inquiry, however, will
require more examples with established provenience before it can be addressed.
There is, of course, the question of the validity of TFC as a category of Egyptian
excerebration technique, rather than the result of later restoration by 21st
Dynasty priests (Strouhal, 1986). More endoscopic and radiographic studies of
apparently intact mummified crania may lay this doubt to rest, and can provide
more explicitly noted examples of individuals with intact brains, not commonly
reported in the literature. Unhindered by superimposition, computed tomography
is the most effective means by which to accurately assess the category and
details of brain treatment and is essential to a better understanding of the
practice of Egyptian excerebration and mummification.
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The limitations in excerebration reporting, apparent in the literature

discussed, highlight the need for more detailed and consistent, comprehensive
descriptions of Egyptian mummified remains (cf. Zweifel et al., 2009). Similar
requirements have been called for in Peruvian mummy studies (Dageford et al.,
2009; Zweifel et al., 2009) and world mummy studies generally. A more
consistent nomenclature of excerebration techniques would also be a boon to
future research in this area; categorizing accounts of brain treatment as
transnasal craniotomy (TNC), transforaminal craniotomy (TFC), intact brains, and
those few anomalies that do not fit neatly into one category or another. At the
very least, accurate identification of brain treatment is essential to examine the
question of excerebration’s beginning, variation, and evolution in Egyptian
mortuary ritual. The current state of mummification reporting in the literature,
however, remains stereotyped, inconsistent, greatly simplified, or completely
absent in accounts of mummified remains.
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Addendum to the Synthetic Excerebration Study Findings

3.2.1 Preface

The purpose of this addendum is to examine the correspondence of
additional data, from direct assessment of primary datasets in the IMPACT
Radiological Mummy Database (Nelson & Wade, 2011), to the hypotheses tested
and questions raised in the previous synthetic study of excerebration features
(Wade et al., 2011). The IMPACT Radiological Mummy Database, discussed at
length in Chapter 5, is a large-scale collaborative digital database of mummy
radiographs based around a Picture Archive and Communication System
(PACS), developed for use in hospital and clinical radiology departments. The
datasets included in IMPACT are collaborative contributions from researchers
and institutions worldwide, intended to provide qualified researchers with
Internet-based access to primary data.
The synthetic study of excerebration (Wade et al., 2011) demonstrated
substantial variability in technique and the difficulty in performing large-scale,
comparative studies of mummification using the current and classical literature.
In particular, the classical account by Herodotus (Appendix C2) was tested
empirically, and falsified. Were it accurate, excerebration would be expected only
in the elite; its application would be transnasal; and the vast majority of elite
mummies would be excerebrated by the Late Period.
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Excerebration, however, was performed in large numbers of commoners

and elites alike, was not necessarily transnasal, and was absent in many elites
from the Late Period in the synthetic sample. Additionally, the synthetic study
demonstrated an early origin for excerebration, possibly as early as the Fourth
Dynasty. The earliest cases of excerebration were among the elite, but the
practice became increasingly available to lower social strata in the New Kingdom
democratisation of mummification and beyond. The practice of excerebration,
specifically transnasal craniotomy, was noted as peaking in the Ptolemaic and
Roman Periods and several potential examples of transforaminal craniotomy
were also examined. The findings of the synthetic excerebration study also
provided indications of trends and patterns that are developed into five new
hypotheses tested here.

3.2.2 IMPACT Sample

The sample employed in this preliminary application of the IMPACT
Radiological Mummy Database, referred to herein as the IMPACT sample to
distinguish it from the synthetic sample in the preceding paper, is pulled from
assessments of the films and scans of the 50 human Egyptian mummies
(Appendix D1) included in the database as of 15 January 2012. Of these 50
individuals, 33 were identified as relevant to a study of the treatment of the brain
and cranial cavity (i.e., minimally, the presence or absence of the brain could be
ascertained – Appendix D2). Twenty-seven individuals could be confidently
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assessed for the specific cranial treatment (i.e., excerebrated, intact, technique).
The 33 relevant individuals include:
19 with status estimates - 6 commoners, 13 elite
31 with age range estimates - 24 adolescents/adults, 7 children (13 & under)
28 with sex estimates - 19 females, 9 males.
Dating ranges were available for 28 individuals, covering from the Middle
Kingdom through to the Roman Period, and excavation locations were available
for 15 individuals, eleven of whom were Theban. For the periods covered in both
the synthetic and IMPACT samples, the distribution between periods is not
significantly different (by G-Test, p=0.146). While the total sample size is smaller
in the IMPACT sample, the degree of detail available and the comparability of
results are much greater.
The six mummies examined directly in the synthetic study (Wade et al.,
2011) and the head of Djehutynakht are included in the IMPACT database, but
were not used to retest the Herodotean hypothesis of the original paper. These
individuals were used only to examine new points raised in and by the synthetic
study, and not where they were the only or deciding case. Much greater detail
could be extracted from the scans of Djehutynakht than was possible using the
literature (cf. Wade et al., 2011), including the TNC siding, lesion size, and
damaged structures, as well as the absence of dural membranes, cranial linen,
and nasal tampons.
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Total
Excerebrated Intact Excerebration TNC
TFC
Technique
Sample
Indeterminate
(possible) Indeterminate
50
16
11
23
15
2
1
Table 3: IMPACT sample distribution of excerebration techniques.
The earliest of the 16 cases of excerebration (Table 3) were transnasal
craniotomies among the male elites of the Middle and New Kingdoms.
Transnasal craniotomy appeared among the women of this sample by the New
Kingdom or Third Intermediate Period (18th - 21st Dynasties) and among
commoners by the Third Intermediate Period. The presence of TNC increased in
the Late Period, with its peak in the Ptolemaic Period and subsequent decline in
the Roman Period, but the examination of only 16 cases of excerebration limits
the interpretation of this as a trend. Transforaminal craniotomy (TFC) is
represented in the IMPACT sample by a new suspected case, a male commoner
child of the Third Intermediate Period, and the suspected case previously
identified from primary data in the synthetic study, Hetep-Bastet. Of the 17
remaining cases, eleven were not excerebrated and six could not be positively
assessed for excerebration, and this mix of commoners and elites spanned the
New Kingdom to Roman Period. Overall, this sample contains good coverage of
the Late Period, as well as of the periods immediately before and after, to
adequately test the hypotheses based around Herodotus’ Late Period account of
mummification.
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3.2.3 Herodotean Hypothesis Testing

The synthetic study examined three key hypotheses derived from the
classical account by Herodotus (see Appendix C2). These hypotheses were:
1. TNC should be limited to the elite.
2. TNC should be the only excerebration technique.
3. All elite individuals should have been receiving TNC by the Late Period.
In the IMPACT sample, however, the overall results do not support the
Herodotean stereotype. Of the new cases of TNC, all of those with a known
status are elites and three cases are of indeterminate status. This result does not
falsify the first hypothesis, but this is largely redundant given the cases of
commoner TNC excerebration falsifying it in the synthetic study. The second
hypothesis continues to hold, as no new case of excerebration has been
positively identified as TFC. A single possible TFC case was noted, but the
remains are damaged. The brain is absent, but likely due to the rough handling
that has jumbled the body quite significantly, as in the case of Hetep-Bastet in
the synthetic study. Without positive identification of the alternative excerebration
route, this hypothesis is not strictly falsified, although the likely cases noted to
date and the anecdotal evidence from Abydos (pers. comm. B. Baker) suggest it
will be falsified as new data are collected. However, two new cases of
unexcerebrated elites, one dating to the Roman Period and the second undated,
again falsify the third hypothesis.
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3.2.4 Additional Hypotheses Raised

In addition to testing the Herodotean stereotype, the synthetic study raised
several new points that may be subjected to preliminary testing using the
IMPACT data. Here, the full IMPACT excerebration sample is brought to bear in
examining these new items as five new hypotheses:
1. The relative proportions of brain treatments are TNC > Intact > TFC.
2. The proportion of TNC to non-TNC individuals peaked in the Ptolemaic
Period.
3. TFC and TNC are distributed with TFC in the North and TNC in the South.
4. TNC was more frequently conducted through the left nare than the right.
5. A – Nasal tampon presence is indicative of TNC.
B – The nasal tampon indicates the side of TNC entry.
The 92:27:6 proportions of TNC:Intact:TFC in the synthetic study are
somewhat borne out in the IMPACT sample, which has 15 TNC, 11 Intact, and 2
(1 new) TFC treatments. As anticipated in the synthetic study, the examination of
more mummies has elicited further positive examples of mummified human
brains. Nine new cases of unexcerebrated individuals, with whole or partial intact
brains, were identified in the IMPACT sample, and bring TNC and Intact
treatments closer to parity.
The synthetic study found the peak incidence and prevalence for TNC in
the Ptolemaic Period, with an increase from ratios of 2:1 in the New Kingdom
through Late Period to 15:1 in the Ptolemaic Period and 3:1 in the Roman Period.

	
  

	
  

149	
  

The IMPACT sample also demonstrated a peak incidence and prevalence in the
Ptolemaic Period, but with an increase from ratios of 2:1 in the New Kingdom and
Third Intermediate Period, 1:1 in the Late Period, and only 3.5:1 in the Ptolemaic
Period and 1.5:1 in the Roman Period. While the peak prevalences coincide in
the Ptolemaic Period, there is not the same degree of difference in the IMPACT
sample as was seen in the synthetic sample. This substantial reduction
demonstrates the importance of large, comparative samples to the prevention of
sample bias.
The existence of a North/South division in the distribution of the
transforaminal and transnasal craniotomy techniques, respectively, remains
unclear. No new location data were gained for TFC from the IMPACT sample,
and the sample does not include a clear new case for TFC’s validation as an
actual excerebration technique. The new cases of TNC had been excavated from
the Middle and Upper Egyptian sites of Thebes, Deir el-Bersha, and Awam
(Nubia), but do not themselves prove a Southern distribution bias for TNC.
Anecdotal cases of TFC come from the Upper Egyptian site of Abydos (pers.
comm. B. Baker), further confusing the issue.
A preference for the left nare over the right could not be adequately
assessed in the synthetic study, but has been proposed by other researchers
(e.g., Aufderheide, 1998; Leek, 1969; Macalister, 1894; Taconis and Maat,
2005). The IMPACT sample demonstrates a 2:1 ratio of left nare TNC to right
nare TNC (10 left, 5 right), and does not falsify this established hypothesis that
left TNC entry is preferred to right.
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The first item (A) in the final hypothesis, that the presence of a nasal

tampon or tampons is necessarily indicative of TNC is also not falsified. All of the
individuals that received nasal tampons had been excerebrated transnasally.
However, the absence of a nasal tampon does not indicate the absence of TNC,
and at least eight cases of TNC lacked any nasal tampons. Of those who
received nasal tampons in the IMPACT sample, two received tampons in both
nares and two received tampons in the nare opposite to the side of the TNC
lesion. The second item (B) of the hypothesis, that tampon siding is determined
by TNC entry siding, is, therefore, falsified.

3.2.5 New Findings

While the restriction of TNC to the elite has been falsified, the presence of
resin in the cranial cavity of excerebrated individuals does appear to be related to
the status of the deceased. All seven of the individuals exhibiting resin in the
excerebrated cranial cavity, for whom status was known, were elites. Two
additional cases of cranial resin were of indeterminate status, an adult Roman
Period female and a child. The latter is, notably, the only excerebrated child in
this sample. Age estimation places this individual between 6 and 13 years old,
just below the 14 years of age at which young adulthood, implied by land
ownership rights and taxation, began for males (Bagnall & Frier, 1994). Cranial
resin is not apparent in this sample until the Third Intermediate Period, and is not
present in the elite excerebrated crania from the Middle and New Kingdoms. The
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earliest example of cranial resin in the synthetic study was in the cranium of the
18th Dynasty pharaoh Tutankhamun, notably in two pours that have hardened
nearly at right angles to one another (Hawass et al., 2009).
This may represent an elaboration of the excerebration ritual, specific to
the elite, aimed at distinguishing them from the commoners being mummified in
increasing numbers from the New Kingdom onward (cf. Chapter 3). The
perpetuation of the Herodotean stereotype of elite-only TNC may, then, be partly
the result of clear examples of excerebration denoted by cranial resin in
radiographs of intact elite mummies. Radiographs of commoners, lacking cranial
resin, may similarly have been categorised as examples of unexcerebrated
individuals, owing to that lack. Poor X-ray settings may also result in incorrect
assessments of resin absence. Interestingly, the tradition of introducing resin to
the cranium of the deceased is documented as having carried on in a modified
form in the mummification of some Coptic Christians (Strouhal, 1995). In three
burials from the Coptic cemetery at Saqqara (5th – 7th century AD), large pieces
of resin were found in the crania, introduced through the foramen magnum rather
than transnasally (Strouhal, 1995).
Unlike the cranial resin, the quality of the transnasal entry did not appear
to be related to status. The area of the TNC lesion, perpendicular to the axis of
entry, was related neither to the status of the individual, nor to the side of entry,
nor to the removal of the dural membranes. Both the largest and smallest of the
lesions were found in elites.
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One new item stemming from a re-examination of the synthetic data in

light of the evisceration data (see Chapter 4), was the uncommon practice of
cranial packing (i.e., linen packing in an excerebrated cranium). While packing of
the body cavities is largely aimed at restoring natural shape to an eviscerated
body, thoracic packing is not uncommon and does not serve this purpose. The
cranial packing, which also does not serve a supportive purpose, was noted as
uncommon in spite of the high rate of body cavity packing. Dawson cites a
Morning Chronicle article from 1836 (May 30, page 5, column 5), one of
Pettigrew’s mummy unwrappings, in which “upwards of 60 yards [of linen] had
been drawn from the nostrils which had been forced into the cavity of the head”
(1934:176). Clearly, this is more linen than could be expected to be accidentally
left in the cranial cavity in the process of cleaning out brain remnants. All those
that did receive cranial packing were from Thebes; a mix of sexes and statuses.
A recently proposed scanning study of Paankhenamun at the Art Institute
of Chicago (cf. Foster et al., 1999) and Djedmaatesankh at the Royal Ontario
Museum (cf. Wade et al., 2011), possibly husband and wife, provoked a
comparison with the cranial packing of Tjentmutengebtiu at the British Museum
(Hughes, 2010), associated with the same temple in Thebes during the same
dynasty. All three exhibited a remarkably similar treatment of loose folded linen in
their cranial cavities. The time depth of cranial packing at Thebes (from the 19th
Dynasty to the Late Period) and the presence of non-packed Thebans, including
those in the IMPACT sample, imply that this is neither the idiosyncrasy of one
embalmer nor a general Theban feature. Rather, this may be the style associated
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with a particular Theban temple. Unfortunately, this hypothesis will need to be
tested in the future as no new cases of cranial linen packing were noted in the
IMPACT sample.

3.2.6 Discussion

The IMPACT sample supports the findings of the synthetic study, falsifying
the Herodotean stereotype and demonstrating the variability in the excerebration
features of the ancient Egyptian mummification tradition. Of particular note is the
lack of clear association between excerebration, specifically TNC, and elite social
status, as a reading of Herodotus would lead one to suppose. The existence of a
relationship between status and the inclusion of cranial resin also casts
excerebration in a different light. It is one in which brain removal is an option
available to both commoners and elites, with a more expensive (cf. Janot, 2000)
and possibly powerfully symbolic elaboration for the elite. As noted in the
literature review, the presence of solid resin in predynastic burials implies a ritual
(rather than preservative) importance to the substance, and the golden colour of
the liquid resin may have had strong connections to the sun and divinity. Future
studies should include precise volume measurements, not currently available
owing to the difficulties in differentiating resin, skin, and bone margins (Table 4).
Skin

Muscle Brain

Bone Bone Resin Linen Stone
(Trab) (Cort)
Radio- -550 -550
-500
-500
1000 50
-750
2500
density to
to
to
to
to
to
to
to
(HU)
-400 -400
-300
-300
1800 250
-550
2600
Table 4: Sample ranges of material radiodensities in mummy CT scans.

Metal
>3000
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The incidence and prevalence of excerebration increased through the Late

to Roman Periods, periods in which internal preservation was in decline in favour
of elaborate external presentation of the mummy (Taylor, 2001; Aufderheide,
2003; Chan et al., 2008) by including stylistically Hellenistic and Roman portraits
and modelled portrait masks in the wrappings; covering the body with
increasingly elaborate bandages in colourful and complex designs; and using
linen packing to restore the outward appearance of a lifelike body in the
wrappings (Budge, 1893; Dunand & Lichtenberg, 2006). If excerebration were
dominantly (but not exclusively) associated with the elite, it is possible that
excerebration had become a frill, an optional extra, which the elite were using to
separate themselves from the masses (cf. Cannon [et al.], 1989). It would,
therefore, be expected to strongly correlate with elite status in the Late through
Roman Periods, when commoners were being mummified in increasing
numbers. The synthetic study, however, demonstrates an elite peak in the New
Kingdom and a decline, or steady prevalence, beyond that point. This trend,
particularly in light of the cranial resin findings, does not support the idea that
TNC is a feature intended to differentiate status.
Still supposing that brain removal was a marker of elite status, there would
remain the question of excerebration’s purpose. Being relatively well-informed
about their own physiology, many modern people have a strong reaction to the
idea of excerebration given our strong sense of the brain as the seat of our
intelligence; it is often said that we live behind our eyes. For the ancient
Egyptians, however, the brain appears to have been treated as little more than a
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nuisance, rather than a vital organ to be protected at all costs for its use in the
afterlife. The presence of numerous intact mummified brains in anthropogenic
and natural mummies demonstrate that it is not necessary to remove the brain to
aid its preservation, and no vessels or bundles have been identified as being
devoted to containing remnants of the removed brain nor have any been noted
as containing brain residue.
Even the removal of the brain, supposedly the first step in the embalming
process (Sauneron, 1952; Iskander, 1980; Herodotus, 2009[c.440BC]), is not
noted as being accompanied by any ritual chastisement of the embalmer, as
there is for the paraschistes making the initial abdominal incision (Diodorus,
1933[c.50BC]: Bk.1, para. 91). More effort appears to be made in the protection
of the face from damage during the procedure, likely the reason for the greater
proportion of TNC routes that are more transsphenoidal than transethmoidal. Is
this a case of more sloppy reporting from the classical authors, or is the
excerebration process not considered a harm to the aesthetics and matter of the
body?
A hypothesis is offered here that, at the time of writing, the IMPACT
database is not sufficiently populated to address, and is grounds for future
research. That hypothesis is that excerebration is intended to be curative of
respiratory diseases suffered in life and preventative of such diseases in the
afterlife; that is, a mortuary surgery similar in intent to mortuary prostheses (cf.
Nerlich et al., 2000). This hypothesis is inspired by two points, in addition to the
matter discussed above, mainly that (1) the brain was apparently considered by
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Figure 10: Egyptian hieroglyphic for brain, with
determinative AA3 indicated.

the Egyptians simply as a source of mucus and that (2) reports of high
proportions of excerebration, in the absence of evisceration, occurred in the
oases (Lichtenberg, 1994; Aufderheide et al., 2004). 	
  
The relative proportions of excerebration and evisceration in the oases
has already been discussed in the synthetic study, while the idea of the brain as
a source of mucus is derived from the determinative in the hieroglyphic for brain
(Figure 10 – Deines & Westendorf, 1961 and Walker, 1996 in TLA, 2011).
Gardiner’s Sign List (1964) lists the determinative AA3, as a soft or liquid
discharge related to sign AA2, a diseased bodily condition. This dissection of the
translation, along with the removal of the brain and the apparent disregard for its
preservation, would seem to indicate that the ancient Egyptian understanding of
the brain was as mucus or the producer of mucus in the head.
Even by Aristotle’s time (384-322 BC), the brain was believed to be little
more than a cooling system (von Staden, 1989). Certainly, the importance of the
head was understood, festooned as it is with sensory organs, and the striking of
the head of prisoners of war (e.g., Narmer Palette) implies an understanding of
the importance of the head to the continued function of the body. However, the
medical papyri (e.g., Papyrus Ebers XCIX, C) note the large vessels in the neck
as the portion vital to life (Ebbell, 1937). These would be damaged by such a
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strike and the heart, the Egyptian seat of emotion and intelligence, would be
unable to sustain the body.
The Papyrus Ebers also notes, in sections XLVIII and XC/XCI, a series of
remedies for “a head which is ill” (Ebbell, 1937:60) and a “foetid nose” (Ebell,
1937:105), which include aromatics, such as frankincense, myrrh, and gum (tree
resin) applied to head and placed in the nose. The Ptolemaic Period Insinger
Papyrus also notes that “cedar, oil, incense, natron, and salt are the remedies for
healing his afflictions” (McDermott, 2006:9). The treatment of a respiratory
ailment by aromatic resins may also be the reason for inclusion of resin in the
excerebrated cranium. Excerebration may have, therefore, been established in
order to provide the deceased with freedom from suffered or future respiratory
conditions, such as sand pneumoconiosis, anthracosis, silicosis, and perhaps
even tuberculosis in the afterlife. Sand pneumoconiosis, in particular, has been
well-documented among the Bedouin and modern Sinai populations (Cockburn
et al., 1980) from the desert’s blowing sands.
The hypothesis might be tested by an examination of the coincidence of
excerebration with these respiratory conditions, through radiological
assessments of the cranium (i.e., using IMPACT) and histological assessments
of lung tissue. Indeed, the sand pneumocotic lung tissues of Nakht-Ankh and
Khary of the Manchester Museum have been studied histologically (Tapp &
Wildsmith, 1986) and both have been excerebrated transnasally (see Wade et
al., 2011). Additionally, a greater prevalence of these conditions would be
expected in the drier oases than in the river valley (even less so in the Nile delta)
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and in times of greater aridity (greater khamsin and simoon storm occurrence),
as demonstrated by palaeoecological studies (e.g., Bell, 1970; Butzer, 1976;
Iacumin et al., 1996). These tests will rely on much greater numbers of mummies
being added to the IMPACT database (particularly those with confident
provenience and dating information and with CT or endoscopic confirmation of
TNC) and on cross-referencing of the mummies in IMPACT with histological
samples and studies, such as those collected by the International Ancient
Egyptian Mummy Tissue Bank.

3.2.7 Conclusions

The findings of the IMPACT study support the findings of the synthetic
study in terms of variability and the inaccuracy of Herodotus’ classical description
of mummification. Thanks to the greater degree of detail, and the comparability of
those details, five new hypotheses derived from the synthetic study were also
tested using the IMPACT sample. The finer detail and consistent assessment
permitted by access to primary data also resulted in several new findings,
including status associations for cranial resin and the apparent Theban character
of linen cranial packing.
The positive relationship between cranial resin and status, beginning at
the same time as what appears to have been increasingly egalitarian access to
mummification and excerebration, implies that mummification features were
elaborated in layers. Initial pharaonic use of mummification was followed by early
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noble use and later commoner use. The need to distinguish elite, and especially
royal, mortuary ritual and afterlife required the addition of elaborations to the
tradition. The continuation and increased application of excerebration in the
Ptolemaic and Roman Periods, after the physiological importance of the brain
became known, is of further interest as an expression of Egyptian identity in
times of foreign rule.
Not all novel features began with the pharaoh, however, and the
appearance of features like cranial packing deserve greater attention for their
departure from that trend. Those features limited in temporal or geographic
extent are of particular interest, as they may provide an insight into the work of a
particular embalming workshop, and even the idiosyncratic work of a single
embalmer.
Access to primary data circumvents our problematic reliance on
inconsistent, incomparable, or insufficient literature descriptions, and permits us
to study mummification traditions in much greater detail and on a much larger
scale than ever before. The IMPACT study continues to demonstrate the
substantial variability in the Egyptian mummification tradition and the importance
of large, comparative samples to the study of long-term trends.
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4. Evisceration

A version of this chapter has been submitted as:
Wade AD, Nelson AJ. Radiological evaluation of the evisceration tradition in
ancient Egyptian mummies. Submission to HOMO – Journal of Comparative
Human Biology.

If accepted, copyright restrictions will require that the accepted article be
published in extenso. An addendum to the published synthetic findings, based on
application of the IMPACT Radiological Mummy Database, follows the article.
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4.1.1 Introduction

Evisceration, whether by transabdominal incision, transperineal incision,
or anal cedar oil injection, is a well-recognised component of the Egyptian
mummification tradition beginning in the Old Kingdom. Descriptions of Egyptian
mummification, common to popular and academic literature, are derived largely
from accounts by the classical authors Herodotus and Diodorus Siculus,
particularly as they address the universal retention of the heart and the elite
nature of excerebration and abdominal evisceration. Normative descriptions,
based on the accounts of these and other late authors, impede the investigation
of a wide range of variation in Egyptian mummification techniques. The goals of
this study are (1) to use the classical descriptions as hypotheses for empirical
testing, using published descriptions and primary computed tomography (CT)
data, and (2) to examine temporal, spatial, and social variability in the
evisceration tradition.
Variability within and between Egyptian mummification techniques is
poorly appreciated in the literature (Nelson et al., 2007; Wade et al., 2011), in
spite of some pioneering work done by Strouhal (e.g., 1992), the large-scale
radiological survey of UK mummy collections conducted by Gray (e.g., 1972),
and the bioarchaeological survey of Nubia conducted by Smith and Wood-Jones
(1910). In spite of the high degree of variability apparent in the literature as an
aggregate, researchers continue to focus on modern and classical stereotypes
rather than on the rich temporal, spatial, and social variability in Egyptian
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mummification as it evolved across Egypt over the course of more than three
millennia. These stereotypes, however, can be used to formulate a hypothesis
that can be empirically tested. If the accounts of Herodotus and Diodorus Siculus
are correct, then evisceration via abdominal incision should be restricted to the
elite, chemical evisceration per anum should be well-represented and be present
primarily in commoners’ remains, and the heart should be present in the
overwhelming majority of eviscerated mummies, at least in the Late and
Ptolemaic Periods from which these authors wrote.
This study focuses on CT as the non-destructive gold standard for
mummy studies, particularly for the examination of evisceration, owing to its
volumetric data and superior contrast resolution. The three-dimensional
relationships between anatomical structures and the continuity (or lack thereof) of
tissues are extremely important factors in identifying highly desiccated structures.
Likewise, subtle radiodensity differences may provide important information for
differentiating among the tissues and materials involved in mummification.
This study makes use of evisceration descriptions and three-dimensional
CT reconstructions from two samples: (1) a literature-based sample of 150
adequately described mummies, and (2) a sample of 7 mummies examined
directly using computed tomography. Techniques for accessing the body cavity,
removal and treatment of the organs, and treatment of the eviscerated body
cavity are discussed in relation to their treatment in the literature, their
radiological appearance, and their variation by time period, sex, and status.
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4.1.2 Classical Descriptions

Ancient descriptions of the Egyptian mummification process are extremely
rare, and are currently limited to two Greco-Roman papyri describing ritual
elements that accompany embalming (Sauneron, 1952; Goyon, 1972) and to
scenes from the Late Period coffin of Djedbastiufankh (Colombini et al., 2000).
Brier and Wade (2001) suggest that the details of the mummification process
were trade secrets, seldom recorded due to the hereditary and territorial nature
of the embalmer’s trade, indicated in the Hawara Embalmer’s Archive Papyri
(Reymond, 1973). Ancient Egyptian literature does, however, provide the intent
of the deceased’s time in the w’bt nt wty (“workshop…of the embalmer priest”)
and pr-nfr (“the place of making perfect”) (Shore, 1992:232); to ensure the
persistence of “the sah, the mummified corpse; shuwt, the shadow; yib, the heart;
and most importantly, the akh, the ka, [and] the ba together with the ren, the
individual’s name.” (Fleming et al., 1980:2).
Herodotus’ description of Egypt and mummification comes to us from the
Late Period, and it is his description with which Egyptian mummy researchers are
most familiar (see Appendix C2 – Classical Excerpts – Herodotus,
2009[c.440BC]). The Greek historian, Diodorus Siculus, wrote from the Ptolemaic
period of three price points similar to those in Herodotus’ account, and provides
further detail about the evisceration ritual and process (see Appendix C3 –
Classical Excerpts – Diodorus, 1933[c.50BC]).
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The fate of the viscera is discussed also in the Roman Period descriptions
from Plutarch and Porphyry. In two places, Plutarch mentions that viscera were
removed from the body and discarded; “the Egyptians, who cut open the dead
body and expose it to the sun, and then cast certain parts of it into the river, and
perform their offices on the rest of the body, feeling that this part has now at last
been made clean” (Plutarch, 1928:XVI); and “the Egyptians who extract the
viscera of the dead and cut them open in view of the sun, then throw them away
as being the cause of every single sin that the man had committed” (Plutarch,
1957:2,1). Porphyry, regarding an aristocratic burial in his De Abstinentia,
describes a similar scene in which the entrails were placed in a chest and an
embalmer called upon the sun (see Appendix C4 – Classical Excerpts –
Porphyry, in Assmann, 2005). Assmann has questioned the accuracy and
authenticity of this last account, given the “entirely un-Egyptian” (2005:83) act of
scapegoating the entrails in judgment of the deceased. Considering Porphyry’s
reputation as one of the famous classical vegetarians (see De Abstinentia ad Esu
Animalium, i.e., On Abstinence from Eating Food from Animals), it is also
conceivable that he elaborated on Plutarch’s account by adding in a dietary
morality lesson. The fact remains, however, that both authors write about casting
some portion of the entrails into the Nile, and part of Porphyry’s account bears an
unmistakable resemblance to the negative confessions of the Book of the Dead.
Organ packages and canopic jars have been found to contain incomplete organs
(e.g., Brier & Wade, 2001) which, coupled with the importance of protecting
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embalming remnants from magical use against their owner (Taylor, 2001), may
serve to explain this disposal practice.

4.1.3 Evisceration Types and Features

The most common method of evisceration among Egyptian mummies,
transabdominal evisceration, was achieved through the creation of a short
incision in the left side of the abdomen (Raven & Taconis, 2005). This technique
has been considered to be the cause of the transition, from the flexed to the
extended burial position in the 3rd Dynasty, to allow access to the abdomen
(Strouhal, 1992). Initially performed as a vertical incision at the level of the
hypochondrium (Aufderheide, 2003), it is generally accepted that this feature
changed direction and position in the 18th Dynasty to a diagonal, inguinal incision
following the iliopubic line (Aufderheide, 2003; Dunand & Lichtenberg, 2006). In
exceptional cases, the incision has been made posteriorly in the flank (Macke,
2002; Dunand & Lichtenberg, 2006), although this may be a feature associated
with ancient restoration (cf. Aufderheide et al., 2004). In all but one recorded
case (Smith & Wood-Jones, 1910), the incision was made in the left side. Having
produced an incision several inches in length, the embalmer was able to remove
the intestines, stomach, liver, and lungs. In accordance with its importance as the
seat of intelligence and emotions, the heart is said to have been expected to
remain within the chest. Additionally, owing to their occult retroperitoneal
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position, the kidneys and urinary bladder were often left intact (Aufderheide,
2003).
Excavations have uncovered numerous instruments available to the
embalmer for the abdominal incision, the excision of the viscera (Strouhal, 1992;
Janot, 2000), and the incision or excision of the diaphragm (Janot, 2000;
Aufderheide, 2003). The size and shape of the incision have been suggested to
be representative of the care with which the embalming was performed; larger,
rounded incisions indicating lower quality (Raven & Taconis, 2005). Once the
appropriate viscera were removed from the body and the remaining internal
treatments were complete, the incision was frequently plugged or covered with
linen and/or resin (Raven & Taconis, 2005). In some cases, the lips of the
incision were sutured (Iskander, 1980) or a wax or metal plate in the shape of the
Left Eye of Horus (wedjat or oudjat), associated with healing, was placed over
the incision (Gray, 1967; Fleming et al., 1980; Raven & Taconis, 2005).
A second category of eviscerated mummies does not exhibit an abdominal
incision. Owing to the ambiguous appearance of the access incision’s placement,
at the anus, vagina, and/or perineum; to the difficulty inherent in visualising these
folded or compressed structures; and to the further complication arising from
packing and plugging of these orifices, these three types are considered here as
a single group of transperineal eviscerations. Indeed, the act of evisceration
through either existing orifice is likely to cause damage to the remainder of the
perineum.
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Individuals eviscerated without the abdominal incision are often
considered to have undergone the cedar oil (more likely juniper oil and a
turpentine-like oleo-resin – Raven & Taconis, 2005) enema described by
Herodotus (Fleming et al., 1980; David & Tapp, 1992). While the effectiveness of
this method has been disputed (Andrews, 1984:17), Ikram’s (2003) experimental
mummification of rabbits has shown the efficacy of a turpentine and juniper oil
enema in dissolving the viscera and sparing the heart during a forty-day
desiccation process. It has also been suggested that anal injection of oleoresin in
some cases was intended to preserve the viscera rather than to liquefy them
(Taylor, 2001), perhaps similar to the intent of Herodotus’ third method of
mummification.
The mummies of the 11th Dynasty queens and princesses of Mentuhotep
show no signs of abdominal incision, retain much of their viscera, and exhibit
prolapse of the rectum and vagina with associated traces of resin (Aufderheide,
2003). This has led some (e.g., Derry, 1942; Dunand & Lichtenberg, 2006) to
suggest that these women had been subjected to an oleoresin treatment.
Visceral prolapse, however, may have occurred as a result of gas build-up in the
decomposing body that forced these tissues outwards (Derry, 1942). This is
consistent with their incomplete desiccation at burial, implied by the imprints of
jewellery on their skin (Aufderheide, 2003), and with similar postmortem pseudopathological prolapses in Predynastic mummies (Derry, 1942).
In addition to these questioned examples, numerous natural and
anthropogenic mummies were not eviscerated and the internal organs remain in
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varied states of preservation. When preserved, the lungs appear as flat
structures in the posterior of the thoracic cavity and the heart is shrivelled in its
pericardial sac (Smith & Wood-Jones, 1910; Aufderheide et al., 2004). Similarly,
the liver is much diminished in size, empty stretches of intestine collapse, and the
kidneys are reduced to flattened, often undifferentiable, masses in the posterior
of the abdomen (Smith & Wood-Jones, 1910; Aufderheide et al., 2004).
When wrapped individually and returned to the body cavity, the organs are
largely indistinguishable from one another, and are typically “so thoroughly
permeated with the embalming material that their exact identification is generally
almost impossible” (Smith & Wood-Jones, 1910:209). The organ packages
typically number from one to seven (Smith & Wood-Jones, 1910; Taylor, 2001)
and may be present in the abdominal and thoracic cavities, although without
apparent thought to placement in their original position or side (Smith & WoodJones, 1910). Similar empty linen rolls may also accompany the wrapped
viscera, further confusing identification (Smith & Wood-Jones, 1910).
Large quantities of linen were also frequently placed in body cavity
following evisceration. This linen may be found in the thoracic and abdominal
cavities, and may be packed into the abdominal cavity with such force that intact
thoracic contents are compacted at the top of the thoracic cavity (Smith & WoodJones, 1910). Various other materials, including plants, lichens, feathers, natron,
fat, sawdust, and earth, have been included in the body cavities of eviscerated
mummies, often cemented together with resin (Iskander & Zaky, 1942; Harris &
Wente, 1980). Linen pads and resin were also used to plug and seal the
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embalming incision, anus, and vagina of the deceased in many cases (Raven &
Taconis, 2005). Solid and solidified (once fluid) resinous materials have been
included in Egyptian burials since the Predynastic Period, and were likely the
product of the conifers and Pistacia of Western Asia (Lucas, 1934).
The preceding descriptions represent a summary of the ancient and
modern literature on the evisceration features of the Egyptian mummification
tradition. Careful examination of this literature suggests that there is considerable
variability in the practice of evisceration, and that a closer and more detailed
examination is warranted.

4.1.4 Methods and Materials

This study employs two samples: (1) a literature review sample of 150
mummies described in the literature, and (2) a direct radiological survey sample
of 7 mummies’ CT scans examined at the University of Western Ontario.
Suitable accounts of body cavity treatment in the literature were located by
English Internet, journal, and PubMed database searches and from references to
other English and French sources in the bibliographies of each article located.
Popular press articles were not used in spite of the many mummy imaging stories
available, as the accounts of mummification from these sources are often
inaccurate, insufficient, or highly sensationalised. The exception to this rule was
the Berkshire Museum’s mummy, Pahat, for which video of the CT scans and
reconstructions were available in the online press piece (Berkshire Eagle, 2010).
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For examples from the scholarly literature to have been deemed suitable
for this study, the article must have contained individual dating of the remains to
dynasty, where possible, or period and dating must not have been based on the
mummification style alone. They must have been dated by inscription analysis,
C-14 date, decoration analysis of an original coffin, or the like. The state of the
literature at present does not allow for dates to be attributed solely on
mummification style without the possibility of recursive errors. Of the examples
located, only those that contained explicit, non-conflicting description and/or
illustration of the body cavity and organ treatment were used. Mummies were
categorised by the presence or absence of evisceration, by the route of
evisceration, and by time period. Where available, information on specific organs,
packing materials, artifacts, sex, and socio-economic status were also collected
for these individuals. Status, in particular, divided the mummies into Elite and
Commoner remains, following Kemp’s categories of “literate men wielding
authority derived from the king, those subordinate to them (doorkeepers,
soldiers, quarrymen, and so on)” (1983:81). The “illiterate peasantry” (1983:81),
who were considered to fall below the commoners, were not apparently
mummified.
The smaller radiological survey sample was drawn from mummies for
which original CT datasets were immediately available. The mummies in this
sample include: (1) the New Kingdom mummy RM2718 (aka RED-II), housed at
the Redpath Museum (Horne & Cardinal, 1995); (2) the 21st Dynasty mummy
ROM 910.5.3 (Nelson, 2008a), housed at the Royal Ontario Museum (ROM); (3)
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the 22nd Dynasty mummy of Djedmaatesankh (Lewin & Harwood-Nash, 1977;
Harwood-Nash, 1979; Melcher et al., 1997), also housed at the ROM; (4) the
26th Dynasty mummy of Hetep-Bastet (Nelson, 2008b), housed at the Galerie de
l’Université du Québec à Montréal; (5) the Late Period mummy of Pa-Ib (Nelson
et al., 2007), housed at the Barnum Museum; (6) the Ptolemaic Period Sulman
mummy (Gardner et al., 2004), housed at the Chatham-Kent Museum; and (7)
the Roman Period mummy of Lady Hudson (Nelson et al., 2007), housed at the
University of Western Ontario. A detailed examination of the torso of each
mummy from the original DICOM data was performed using the 64-bit version of
Osirix 3.7.1 (www.osirix-viewer.com). This study focused on CT data as the nondestructive gold standard for mummy studies (O’Brien et al., 2009). Computed
tomography provides an ideal means by which to non-destructively examine
mummified human remains for the details of evisceration; a three-dimensional
view of the interior of the torso, unhampered by the superimposition that is
characteristic of plain film radiographs.

Results

4.1.5 Literature Findings

Explicit descriptions of evisceration, the details of the route of evisceration,
the presence or absence of other evisceration routes, and especially the
presence and absence of many organs and packing materials were frequently
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not reported in the literature sample. Often the basic features of the evisceration
had to be inferred from the available information (e.g., implied absence of the
intestines and stomach in cases of evisceration where the lungs were explicitly
absent). The placement of evisceration incisions, the nature and position of
packing materials, and the indications of pre-embalming deterioration of the body
(e.g., insects and insect pupae) were very often excluded from descriptions of the
mummies. This study obtained sufficient information to closely examine only the
presence of evisceration, the transabdominal and transperineal types of
evisceration, and the presence of the heart. These features were examined with
respect to their incidence and prevalence in time, and by sex and social status
where possible.
Direct references with explicit descriptions or depictions of body cavity
treatment were identified for 150 mummies (Table 4), including:
•

63 mummies exhibiting transabdominal evisceration (Dawson & Tildesley,
1927; Derry, 1942; Cockburn et al., 1975; David, 1979; Cockburn et al.,
1980; Fleming et al., 1980; Iskander, 1980; Diener, 1986; Pahl, 1986;
Bucaille, 1990; Pickering et al., 1990; Kircos & Teeter, 1991; David &
Tapp, 1992; Watson & Myers, 1993; Baldock et al., 1994; Taylor, 1995;
Melcher et al., 1997; Conlogue, 1999; Foster et al., 1999; Lombardi, 1999;
Ruhli & Boni 2000a,b; Michael C Carlos Museum, 2002; Sigmund &
Minas, 2002; Aufderheide et al., 2004; Kieser et al., 2004; Ruhli et al.,
2004; Vancouver Museum, 2004; Raven & Taconis, 2005; Merigaud,
2007; Nelson et al., 2007; Chan et al., 2008; Nelson, 2008b; Bonn-Muller,

Source
Knudsen, 2001
Dennison, 1999
Fischer, 2006
Fischer, 2006
Sigmund & Minas, 2002
Foster et al, 1999
Kieser et al, 2004
Ruhli & Boni, 2000a, 2000b
Ruhli & Boni, 2000a, Ruhli et
al, 2004
Mininberg, 2001
Mininberg, 2001
Taylor, 1995
Cockburn et al, 1975, 1980;
Fleming et al, 1980
Macleod et al, 2000
Vancouver Museum, 2004
Kircos & Teeter, 1991
Teeter & Vannier, 2009; BonnMuller, 2009; Teeter, 2009 (in
Teeter & Johnson, 2009)
Pickering et al, 1990
Conlogue, 1999
Michael C Carlos Museum,
2002
Notman et al, 1986
Cesarani et al, 2003
Cesarani et al, 2003
Cesarani et al, 2003
Gray, 1967
Watson & Myers, 1993
Derry, 1942
Derry, 1942
Derry, 1942
Derry, 1942
Derry, 1942
Derry, 1942
Derry, 1942
Derry, 1942
Derry, 1942
Derry, 1942
Derry, 1942
Derry, 1942
Derry, 1942
Derry, 1942
Derry, 1942
Derry, 1942; Bucaille, 1990
Derry, 1942
Dawson & Tildesley, 1927
Edwards & Shorter, 1938
Baldock et al, 1994
Andelkovic, 1997
Pahl, 1986
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The Bundle
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Woman 23
Woman 26
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Princess Sitamun
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Psusennes I
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Mummy 32751
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Belgrade Mummy
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TransHeart
Heart
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Dynasty/Period Sex Status Eviscerated Per Anum Perineal abdominal Intact Replaced Intact
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Tamat
Tash-pen-khonsu
Vitrine II
Vitrine I
Pa-es-tjau-em-aui-nu
Paankhenamun
Otago Mummy
Winterthur Mummy
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Name
Mummy 326
Mummy 1
Mummy 2
Mummy 3
Lady Tashat
Bakenren
Child
Nefer Atethu
Natsef-amun
Seramon
Ankhpakhered
ANSP 1903.1a
1
3
5
6
8
10
11
12
13
15
101
102
104
106
108
111
112
114
115
123
124
125
126
128
129
130
133
134
Child Mummy 9319
Ramesses II
1976.51a
1777
9354
5053
1768
1770
2109
1769
20638
1767

Source

Pahl, 1986
Prominska, 1986
Prominska, 1986
Prominska, 1986
Notman, 1986
Diener, 1986
Diener, 1986
Lombardi, 1999
David & Tapp, 1992
Merigaud, 2007
Merigaud, 2007
Chan et al, 2008
Aufderheide et al, 2004
Aufderheide et al, 2004
Aufderheide et al, 2004
Aufderheide et al, 2004
Aufderheide et al, 2004
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Aufderheide et al, 2004
Aufderheide et al, 2004
Aufderheide et al, 2004
Aufderheide et al, 2004
Aufderheide et al, 2004
Aufderheide et al, 2004
Aufderheide et al, 2004
Aufderheide et al, 2004
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Miller, 2004; David, 1979
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Name
1766
1775
Queen Nodjme
Bekrenes
1
2
3
4
5
6
7
8
9
10
11
12
14
15
16
17
18
19
20
21
23
24
25
26
27
28
29
30
31
Ranefer
Karenen
Tutankhamun
PUM III
PUM IV
DIA I/II
32752
Nessihor
Nakht (ROM I)
Herakleides
Pahat
Hetep-Bastet
Pa-Ib
ROM 910.5.3
Djedmaatesankh
Sulman Mummy
Lady Hudson

Source

David, 1979
David, 1979
Fleming et al, 1980
Fleming et al, 1980
Raven & Taconis, 2005
Raven & Taconis, 2005
Raven & Taconis, 2005
Raven & Taconis, 2005
Raven & Taconis, 2005
Raven & Taconis, 2005
Raven & Taconis, 2005
Raven & Taconis, 2005
Raven & Taconis, 2005
Raven & Taconis, 2005
Raven & Taconis, 2005
Raven & Taconis, 2005
Raven & Taconis, 2005
Raven & Taconis, 2005
Raven & Taconis, 2005
Raven & Taconis, 2005
Raven & Taconis, 2005
Raven & Taconis, 2005
Raven & Taconis, 2005
Raven & Taconis, 2005
Raven & Taconis, 2005
Raven & Taconis, 2005
Raven & Taconis, 2005
Raven & Taconis, 2005
Raven & Taconis, 2005
Raven & Taconis, 2005
Raven & Taconis, 2005
Raven & Taconis, 2005
Raven & Taconis, 2005
Iskander, 1980
Iskander, 1980
Iskander, 1980
Reyman & Peck, 1980
Reyman & Peck, 1980
Kristen & Reyman, 1980
Dawson & Gray, 1968
Bridgman, 1967
Harwood-Nash, 1979
Getty Museum, 2009
Berkshire Eagle, 2010
Nelson, 2008b
Nelson et al, 2007
Nelson, 2008a
Melcher et al, 1997
Gardner et al, 2004
Nelson et al, 2007
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•

2009; Teeter, 2009 in Teeter & Johnson, 2009; Teeter & Vannier, 2009;
Berkshire Eagle, 2010);

•

9 mummies exhibiting transperineal evisceration, including 4 cases
recorded as evisceration per anum (Reyman & Peck, 1980; Sigmund &
Minas, 2002; Aufderheide et al., 2004; Raven & Taconis, 2005; Nelson,
2008a); and

•

36 mummies exhibiting no signs of evisceration (Edwards & Shorter,
1938; Derry, 1942; Gray, 1967; Dawson & Gray, 1968; Harwood-Nash,
1979; Diener, 1986; Prominska, 1986; Cesarani et al., 2003; Aufderheide
et al., 2004; Fischer, 2006).

The descriptions of 44 mummies (Derry, 1942; Bridgman, 1967; David, 1979;
Fleming et al., 1980; Iskander, 1980; Kristen & Reyman, 1980; Notman, 1986;
Notman et al., 1986; Andelkovic, 1997; Dennison, 1999; Macleod et al., 2000;
Knudsen, 2001; Mininberg, 2001; Cesarani et al., 2003; Aufderheide et al., 2004;
Miller, 2004; Merigaud, 2007; Getty Museum 2009) contained incomplete
information on the evisceration route, but were included in the study for their data
on evisceration presence, organ presence, and packing materials.
Of the 150 mummies included in this study, 114 of them were eviscerated
in some fashion. The earliest examples of evisceration in this sample come from
elites in the Old Kingdom. The data demonstrate an increase, overall and
proportionally, in evisceration in the New Kingdom. This increase continued in
the Third Intermediate Period, and steady high incidences and prevalences
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Figure 11: Graph showing the incidence (grey, scale left) and prevalence (black,
scale right) of evisceration by time period. Examples with dates across one or
more time period were divided equally between both periods.
existed until the end of the Roman Period (Fig. 11). Evisceration began among
males and elites, and does not appear among women in this sample until the
New Kingdom, nor among commoners until the Third Intermediate Period.
Accounting for at least 55% of the reported eviscerations in this sample,
transabdominal evisceration was the most frequent form of evisceration (58% of
the 108 eviscerations explicitly typed). As in the case of evisceration generally,
males and elites predate females and commoners in receiving transabdominal
evisceration, although there is insufficient information available to assess
temporal trends for sex and status. Explicitly transabdominal evisceration, in this
sample however, does not appear until the New Kingdom. Although the elite
were being eviscerated in earlier periods (e.g., Queen Hetepheres), detailed
evisceration data for mummies prior to the Middle Kingdom are not readily
available in the literature, often due to the lack of preserved soft tissue. The lack
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of available Middle Kingdom studies highlights an important area of future
research.
Following transabdominal evisceration in popularity is the absence of
evisceration in mummified human remains (24% in this sample). As mentioned
above, the earliest mummies were not eviscerated, and this absence is found
primarily in females in the early dynastic periods. In this sample, non-eviscerated
mummification occurred first among the elite, in keeping with their precedence of
mummification generally.
The transperineal forms of evisceration, including per anum evisceration,
were rarely applied to individuals in this sample (approximately 8% of typed
eviscerations). Both per anum evisceration, specifically, and transperineal
evisceration, generally, began among elites of the Third Intermediate Period and
remained an elite practice throughout its use.
Transabdominal incisions for the purpose of evisceration were, on
average, 11cm in length and typically ranged from 10 to 12cm. This accords well
with the average of 10cm from the data gathered by Smith and Wood-Jones
(1910) for Nubian mummies. Overwhelmingly, the incisions were made in the left
flank, and only in a single case in the literature was the incision recorded for the
right side (Smith & Wood-Jones, 1910). The transition from a vertical
hypochondrial incision to a diagonal inguinal one occurs in the New Kingdom, but
both forms persist into the Roman Period in both status groups. Use of an
incision plate to cover or seal the incision was an uncommon feature (9 cases of
43 explicitly noted). Its use began among elite New Kingdom males, in this
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Figure 12: Graph showing the incidence of evisceration heart retention (red) and
absence (blue), with heart retention noted as a percentage of total heart
descriptions. Examples with dates across one or more time period were divided
equally between both periods.
sample, and after its use spread to commoners and females in the Third
Intermediate Period, it declined to absence following the Late Period.
Among the eviscerated mummies, the heart was noted as intact in only 21
of the 80 individuals where this organ’s disposition was recorded. The heart was
noted as intact, and specifically in elites, as early as the Middle Kingdom, in this
sample. The only eviscerated mummies in the Middle Kingdom, whose heart
status was noted and whose hearts were intact, were males. Consequently, male
retention and absence of the heart preceded female heart retention and absence,
respectively. The incidence of evisceration-related heart retention increased over
time, peaking in the Third Intermediate and Late Periods, with a decline in the
Ptolemaic and Roman Periods. However, the prevalence of heart retention saw a
general decrease, with a small resurgence in the Late Period (Fig. 12).
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There were insufficient data to examine trends in the disposition of other
organs, but five individuals stand out in relation to organ treatment. Four
individuals, including both males and females, dating from the Third Intermediate
to Roman Periods were noted as absent their hearts but retaining their lungs.
One other individual, a woman in the Third Intermediate Period had only her
stomach, intestines, and kidneys removed. Of those nine individuals eviscerated
by the perineal route, there were two cases of intact hearts, two of intact lungs
(one coinciding with an intact heart), and two (possibly) intact livers. One
transperineally-eviscerated individual, an elite female in the Third Intermediate or
Late Period, was associated with a packaged organ (lung). Otherwise, no cases
of returned or preserved (insufficient data on canopic jar association) organs
were noted in perineal/per anum/per vaginum eviscerations.
Packing of the body cavity was common from the Old Kingdom onward,
and most commonly consisted of linen and resin. Plant material and sawdust
were introduced to the body cavity intermittently from the New Kingdom onward,
and soil packing was present in both sexes and statuses beginning in the Third
Intermediate Period. The use of natron and fat was limited to a single elite New
Kingdom male. Anal and perineal tampons were present in members of both
sexes and statuses (14 of 37) from the Third Intermediate Period onwards. In
only one case was there an anal/perineal tampon present when evisceration (of
either type) was not performed.
Mummification artifacts (e.g., scarabs, beads, or statuettes) do not appear
in this sample until the Third Intermediate Period, and are present in both sexes.
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All cases in which mortuary artifacts were present in or on the bodies were elite
individuals. Both elites and commoners were having organs preserved and
replaced in the body cavity by the Third Intermediate Period, but, while the
mummification artifacts consisted largely of statuettes, not all of the statuettes
were of the typical Sons of Horus variety.

4.1.6 Radiological Findings

RM2718 (Red-II)
This individual has been eviscerated by way of a vertical, hypochondrial
8cm incision on the left side (Fig. 13A). The heart is present, much reduced in
size, in its pericardial sac (Fig. 13B). The lungs, intestines, stomach, and liver are
not intact in the body cavity. The diaphragm has been largely excised. This
individual was opened, likely in modern times, along the back, resulting in
damage to posterior structures from the sacrum to the level of T9 (Fig. 13C). The
kidneys may have been removed during embalming or been destroyed by this
damage. There is one package of heterogeneous radiodensity (-230 to 660HU)
in the right thoracic cavity, running vertically from the level of T6 to T9 (Fig. 13B).
There is a remnant of a second heterogeneously radiodense (-140 to 570HU)
package, interrupted by the damage to the back, at the level of T10 and T11.
Hardened resin is present in the dependent fifth of the thoracic cavity (Fig. 13B),
more so on the right than the left. Below the inferior border of the damage, there

Figure 13: CT scan and reconstructions of RM-2718 (Red-II), showing (A) the left transabdominal evisceration incision
viewed from inside the body cavity, (B) the intact heart, possible organ package, and solidified straight level of resin, and
(C) damage to the posterior of the mummy (note the straight cuts above, below, and along the midline).
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is a small amount of resin on the pelvis. Neither sutures nor an incision plate nor
an anal tampon are present in this individual.

Djedmaatesankh
This individual has been eviscerated by way of a diagonal, inguinal 13cm
incision on the left side (Fig. 14A). The heart, lungs, intestines, liver, stomach,
and kidneys are not intact in the body cavity. The diaphragm has been excised.
Five packages of heterogeneous radiodensity (ranging from -300 to 250HU) have
been placed in the body cavity (Fig. 14B), which may represent packaged
organs.
Package 1 – Right thoracic cavity (T5-T9), 30 to 150HU
Package 2 – Left thoracic cavity (T6-L2), 90 to 200HU
Package 3 – Crossing midline thoracic/abdominal cavity (T9-L4), -100 to
200HU
Package 4 – Left abdominal cavity (T11-L4), -100 to 100HU
Package 5 – Central abdominal cavity (T12-L5), -300 to 250HU
Additional linen padding is present in the lower abdomen (Fig. 14A) and resin
has formed hardened pools from the level of T9 to L2 on the right and T9 to L5
on the left. There is possibly a vaginal tampon but no apparent anal tampon, and
resin is apparent at the anus. The evisceration incision has not been sutured, but
has been covered by a half-centimeter thick, high-density plate (2039+HU, likely
metal) measuring 6.7cm by 8cm (Fig. 14C). A scarab has been placed external
to the body cavity (Fig. 14C), in the wrappings at the midline L1/L2 level,

Figure 14: CT scan and reconstruction of Djedmaatesankh, showing (A) the abdominal packing and the transabdominal
incision beneath the incision plate, (B) the possible organ packages throughout the body cavity, and (C) the incision plate,
scarab, and pectoral.
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immediately inferior to a falcon (or winged scarab, sun disk, or uraeus) pectoral
(Fig. 14C). No inscriptions are apparent on the scarab at this resolution (0.49 x
0.49 x 3.0mm). Another small amulet (Djed pillar?) is present beneath the
outermost layer of wrapping on the left at the same level as the scarab.

Lady Hudson
The chest and upper abdomen are not preserved in this mummy (Fig.
15A). However, in the lower abdomen, at the level of the pelvis, linen packing
with resin density inclusions is present in this individual (Fig. 15A, B). The resin is
present on the left side of the packing only (Fig. 15B), and may be related to an
inguinal transabdominal evisceration incision, similar to that in Djedmaatesankh
(Fig. 14A). The heart, lungs, intestines, liver, stomach, and kidneys are not intact
in the body cavity and could not be assessed. The diaphragm could not be
assessed due to the damage to the chest and abdomen. Anal and vaginal
tampons were also not assessed due to the condition of this mummy.

Pa-Ib
This individual has been eviscerated by way of a vertical, hypochondrial
11cm incision on the left side (Fig. 16A). The heart, lungs, intestines, liver,
stomach, and kidneys are not intact in the body cavity. The diaphragm has been
incised, and remnants are present in the thoracic cavity (Fig. 16B). Five
packages of rolled linen, impregnated with resin and containing numerous small
voids, have been placed in the body cavity (Fig. 16B, C).

Figure 15: CT scan and reconstruction of Lady Hudson, showing (A) the pelvic packing and damaged thorax (note the
coffin boards visible beneath the thoracic cavity), and (B) the linen packing in the pelvis with the small pool of resin on it
hinting at a transabdominal evisceration.
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Figure 16: CT scan and reconstructions of Pa-Ib, showing (A) the transabdominal evisceration incision without sutures or
incision plate, (B) the linear diaphragm remnants and possible organ packages (esp. #3 and #5), and a cross-sectional
view of the solidified straight level of resin with package #5 sticking out.
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Package 1 – Left thoracic cavity (T3-T10)
Package 2 – Left thoracic cavity (T6-T12)
Package 3 – Left thoracic/abdominal cavity, medially (T10-L1)
Package 4 – Left abdominal cavity (T12-L3)
Package 5 – Crossing midline thoracic/abdominal cavity (T9-L1)
Most or all of these packages may consist only of rolled linen and resin, and
likely do not contain preserved organs. An additional linen pad is located in the
right thoracic cavity between the T6 and T9 levels, and more linen packing is
present in the lower abdomen. A large amount of hardened resin is present in the
dependent portion of the body cavity and fills between one third and one half of
the body cavity from the throat to the bottom of the abdomen (Fig. 16C). The
evisceration incision has neither sutures nor an incision plate (Fig. 16A). The
anus may contain a linen tampon, given the lack of resin leakage from this
orifice.

Hetep-Bastet
This individual has been eviscerated by way of a vertical, hypochondrial
8cm incision on the left side (Fig. 17A). Due to damage in modern times (Nelson
et al., 2008b), the chest cavity is a jumbled, fragmented mass of ribs, vertebrae,
resin, and skin (Fig. 17B). Although the thoracic structures could not be assessed
for this individual, the stomach, liver, and intestines are not intact in the
abdominal cavity. The diaphragm could not be assessed due to the damage. No
packages are present in either the damaged thoracic cavity or the intact

Figure 17: CT scan of Hetep-Bastet, showing (A) the large quantity of external abdominal packing entering through the
transabdominal evisceration incision which lacks sutures and incision plate, (B) the jumbled contents of the thoracic
cavity, and (C) the resin-impregnated anal tampon (indicated).
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abdominal cavity, nor are they present between the thighs. Rather than packing
the body cavity internally, a large amount of resin-impregnated linen is present
outside the abdomen, compressing the anterior abdominal wall against the spine
(Fig. 17A). The presence of a vaginal tampon is uncertain, but an anal tampon of
resin-impregnated linen is apparent (Fig. 17C). No sutures or incision plate are
present at this individual’s evisceration incision (Fig. 17A).

ROM 910.5.3
This individual has been eviscerated, but lacks the abdominal incision,
and evisceration was performed through the large artificial orifice running from
the vagina to the anus (Fig. 18A). The heart is absent, but the great vessels
remain as a high-density mass in the pericardial sac (Fig. 18B). The lungs,
intestines, stomach, liver, and kidneys are not intact in the body cavity, but a
radiodense portion of the pancreas may be present (Fig. 18C). The diaphragm
has been incised and remnants are appreciable in the thoracic cavity (Fig. 18C).
There are no packages, packing material, or artifacts in this mummy. The vaginal
and anal ends of the perineal hole each contain a resin density tampon. In the
dependent portion of the body cavity, numerous small ovoid objects, favoured to
be fly pupae and/or larvae, are present (Fig. 18C).

Sulman Mummy
This individual has been wrapped or rewrapped in an advanced state of
decomposition (Fig. 19A), and the method of evisceration is unclear. The heart,

Figure 18: CT scan and reconstructions of ROM 910.5.3, showing (A) the large transperineal evisceration orifice, (B) the
great vessel remnants in the incised pericardial sac, and (C) a cropped view showing the insect remains (indicated) and
the possible pancreas fragment with diaphragm remnants visualised as a dark shadow above it.
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Figure 19: CT scan and reconstruction of the Sulman mummy, showing (A) indications of rewrapping (the dislocations of
the forearms and clavicle from their anatomical positions, the loose metacarpal in the outer wrappings, and the 3 curled
fingers of the right hand still on the left shoulder despite the extended position of the arms), (B) the remnant bowel loops,
and (C) and the layer of resin adherent to the pleura.
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lungs, stomach, liver, and kidneys are not intact in the body cavity. In the lower
abdomen, however, possible loops of faeces-filled small bowel are visualised
(Fig. 19B). The diaphragm has been affected by the decomposition and handling,
but likely remnants imply its incision rather than removal. A thin layer of resin is
present in the thoracic cavity, adherent to remnants of the pleura (Fig. 19C).
There are no packages present in the body cavity or between the thighs, and
there are no apparent anal or vaginal tampons.

4.1.7 Discussion

Evisceration has been an important feature of Egyptian anthropogenic
mummification since its inception in the early Old Kingdom. The sex and status
distributions of evisceration noted here are in agreement with Strouhal’s (1995)
observation that new mummification features, like all new advantages, were first
the privilege of the pharaoh, then increasingly permissible to progressively lower
social classes. Evisceration began with the pharaoh, progressed to the men and
women of the royal family and nobility, and eventually trickled down to the middle
class. The increase in incidence and prevalence from the New Kingdom and
Third Intermediate Period (Fig. 11), as well as the inclusion of the non-pharaonic
groups, coincides with the timing of the democratisation of mummification in the
New Kingdom. Transabdominal evisceration, the overwhelming majority of
eviscerations, also follows this specific trend, with male elites predating the
females and commoners receiving this form of evisceration.
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The historical transition from the use of a vertical, hypochondrial incision
to a diagonal, inguinal one for transabdominal evisceration is not the complete
transition implied by the literature (e.g., Aufderheide, 2003; Raven & Taconis,
2005; Dunand & Lichtenberg, 2006). While the diagonal, inguinal incision does
first appear in the New Kingdom, both diagonal, inguinal and vertical,
hypochondrial incisions are present until the decline of mummification following
the Roman Period. The direction of the incision persistently corresponded to the
position. The length of the incision was also persistently in the range of 8cm to
13cm. The experimental mummification performed by Brier and Wade (2001)
provides the figure of 3 inches (7.6cm) as an approximate minimum length for
removal of the largest internal organ; the liver. Even at 3 inches in length (~4.5cm
diameter), removal of the liver required substantial manipulation and “was
delivered through the incision a lobe at a time” (Brier & Wade, 2001:122).
The incision was made, with only one Nubian exception (Smith & WoodJones, 1910), in the left flank. Given the degree of variation (even minor ones)
that occurs throughout Egyptian mummification over three millennia, and given
the variation in direction and level at which the incisions were made, it is curious
that the placement side did not change. This persistence most likely has its roots
in the relative stasis of anatomy, rather than in the changing ideology of
mummification. An incision on the left side of the abdomen, hypochondrial or
inguinal, provides immediate access to the intestines and, following their
removal, provides sufficient working space and access to the arteries and
ligaments securing the liver. An approach from the right side would result in a
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most awkward attempt to cleanly excise the liver one-handed through an 8cm
hole.
Interestingly, the perineal forms of evisceration appear relatively late
(Third Intermediate Period) and do not first occur in male elites. The commoners
being eviscerated were not prepared using this evisceration procedure, receiving
transabdominal eviscerations instead. Prior to the Third Intermediate Period, the
few women who were mummified were eviscerated, and it is in this group that
transperineal evisceration begins. Transperineal evisceration was rarely applied
in this sample and it is not clear why this form would not follow the trend seen in
transabdominal evisceration and in excerebration (Wade et al., 2011).
One possible explanation for this different trend is that the method
presented itself as an option and did so more readily in the female anatomy. The
pseudo-prolapse at the anus and vagina together, particularly among noble
females purportedly delayed for several days to deter necrophiles (Herodotus,
2009), may have been quite pronounced and offered an obvious means by which
to remove the viscera. Either in concert with this phenomenon, or for its own
sake, the option to remove the viscera without producing any unnecessary new
holes may have appealed to the embalmers (and to their beleaguered
paraschistes). Regardless of the reason for the introduction of perineal forms of
evisceration, their application begins and remains among the elite. Perineal
removal of the viscera, whether manually or by cedar oil enema, does not appear
in the commoners of this sample, and should not be considered a second-rate
option for evisceration following Herodotus.

200	
  
No clear evidence of evisceration by chemical means; that is, by oleoresin
enema, was noted in the mummies of this study. It is possible, though unlikely
given that uneviscerated mummies remain preserved, that the turpentine enema
method resulted in a poorly preserved mummy and, regardless of the numbers in
which they were produced, they have failed to survive to be recorded in the
present. However, embalmers likely received plentiful feedback on their work
(i.e., family visits to tombs, tomb robbery restorations, relocation of royal tombs),
and it is even less likely that an especially poor or temporary embalming method
would have persisted for long. If chemical evisceration was occurring, then it
might be expected to spare the heart (Ikram, 2003) and lungs, with only the
abdominal contents (“the whole stomach and intestines” as Herodotus notes)
being dissolved. In the transperineal eviscerations in this sample, there are single
individuals with the heart or lungs intact and another with both intact. However,
the possibly intact livers of two individuals and the packaged lung of another
transperineal evisceration shed doubt on this mechanism.
Once the body cavity was accessed by either the perineal or abdominal
route, there remained the question of which organs were appropriate to remove
and to preserve. The central assumption implicit in the literature is that the initial
motive for removing the organs was to spare the rest of the body from the decay
the organs would promote; that is, that the early mummification attempts were
devoted to preserving the form rather than the substance of the body. However, it
is possible that at least some of the organs were being removed specifically to
preserve them in addition to the body. Certainly, the Egyptians were well aware
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of the necessity of gutting fish and animals to preserve the meat, but one of the
earliest indicators of evisceration is the presence of niches or jars for viscera
(D’Auria et al., 1992; Dunand & Lichtenberg, 2006); largely the same set of
viscera that were preserved throughout Egyptian evisceration’s history.
Although there is the suggestion of substantial variation in the association
of particular organs with particular deities, in the later Sons of Horus canopic jars
and statuettes (Taylor, 2001), the same set of organs are typically of interest to
the embalmers; the lungs, liver, stomach, and intestines. Taylor (2001) also
notes that, while the rationale for selecting these organs is not well understood, it
is likely not a coincidence that those associated with digestion (stomach and
intestines) were chosen. That the lungs were obviously (even to the
anatomically-gifted but physiologically-challenged knowledge of the Egyptian
embalmer) the organs of breath, makes their choice equally logical.
The rationale for the choice of the liver is not as clear, however. Although
there is variation (possibly much variation) in the Sons of Horus associations for
organs, the general pattern is that the predators, Duamutef and Qebehsenuef,
protected the stomach and intestines; that the “great runner” (Faulkner, 1977:150
- Sp.526), Hapi, protected the lungs; and that the human, Imsety, protected the
liver. If the other three symbolic associations are valid, then the association with
Imsety may provide an indication of the reason for including the liver. In spite of
the Egyptians’ prima facia understanding of physiology, a less likely, though
undeniably possible, alternative is that they simply selected the largest and most
obvious organs; organs that fill most of the body cavity.
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Their supposed reasons for wanting to preserve the heart seem
dramatically much clearer. Scarabs placed in the thoracic cavity, the heart
scarabs, and the chapter (30B) of the Book of the Dead inscribed upon them,
provide ample evidence of the importance of the heart:
My heart of my mother, my heart of my mother, my heart of my
stages of existence, stand not up against me as a witness, tender no
evidence against me as a witness. Contradict me not before the
judges.
Make not thy tilting down against me in the presence of the guardian
of the balance. Thou art my ka dwelling in my body, the Chnum who
makes my members prosper. Come forth thou to the paradise, where
we have been commended. Do not foul my name in front of the
courtiers who put people in [their] places. It will be well for us, and
well for the hearer, and the judge will be glad. Speak not lies against
me in the presence of the Great God. Behold your distinction is there.
(Translation adapted from Budge, 1925, in Iskander, 1980:19).
In the ancient literature (Lichtheim, 2006a, b, c) the heart animated the
body, commanded the limbs, and according to the importance placed on it as the
seat of intelligence and emotion, the heart is often described in the modern
literature as always being left intact (following Diodorus, 1993: Bk.1, para. 91),
returned if accidentally removed, or replaced by an inscribed heart scarab
(Raven & Taconis, 2005; Dunand and Lichtenberg, 2006).
In barely more than a quarter of the individuals in this sample, however,
was the heart retained in situ. In only one case was the heart possibly sewn back
into place, and in one other case was a heart scarab present, presumably to
replace the removed heart. With the heart enclosed in its pericardial sac and
connected by six major vessels, in addition to the pulmonary veins and arteries
severed in lung removal, it is fanciful to consider the possibility of it being
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accidentally removed by a slip of the scalpel; more so when such accidents
would have to occur in nearly seven of every ten cases, followed by the loss of
the organ in more than 98% of those cases. That heart absence has coincided
with lung retention in four cases further condemns the case for accidental
excision.
What is apparent from this sample is that retention of the heart in the body
following evisceration was a feature of some male elite mummies beginning in, at
latest, the Middle Kingdom. Absence of the heart began among males in the New
Kingdom and, subsequently, among females in the Third Intermediate Period.
The retention of the heart peaked in incidence in the Third Intermediate Period,
at the same time as the dramatic increase in evisceration following
mummification’s democratisation, and declined steadily until the Roman Period
(Fig. 12). Meanwhile, mummies were increasingly absent their hearts from the
New Kingdom onward (Fig. 12). Although the data were insufficient to closely
examine the sex and status associations of these individuals, it is likely that
retention of the heart began among the eviscerated male elite, as befits its
importance as the seat of intelligence and emotion. As time progressed, the
nobles gained increasing access to mummification and retained their hearts. With
the democratisation of mummification, however, the commoners being
mummified were not receiving the same treatment, possibly to ensure that the
elite maintained a more favourable afterlife than their subjects.
In addition to the democratisation of mummification in the New Kingdom
(Aufderheide, 2003), supernatural judgment of the deceased, for entry to the
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afterlife, included the metaphorical weighing of the heart before Osiris; the
occasion about which the heart is being warned in the heart scarab inscription.
This invites the possibility that the removal and weighing of the heart had more
than a metaphorical importance, perhaps even a symbolic ritual one by this time.
Unfortunately, this possibility poses two problems: (1) Why was the heart not
returned to the body, as suggested by Anubis’ replacement of the heart in
chapter 26 of the Book of the Dead and on the Anubis shrine of Tutankhamun
(Assmann, 2005)?, and (2) What was done with the heart if it was not returned?
The heart may be present in the visceral packages returned to the body after the
20th Dynasty, but few of those can be or have been examined histologically to
confirm the suggestion (e.g., Sigmund & Minas, 2002). The weighed heart may
also have been disposed of among the ritually impure and magically dangerous
embalming remains secreted near the tomb (cf. Taylor, 2001), or thrown in the
Nile in a fashion similar to that afforded other viscera according to Plutarch and
Porphyry. If the heart is a vitally important aspect of the personality and soul(s),
as the Egyptian literature supports, then it is strange that it should be absent,
even disposed of, regardless of its role in a physical ritual. Such an absence
seems diametrically opposed to the spirit of the Weighing of the Heart myth and
to the preservative function of mummification generally.
The return of viscera to the body cavity, preserved in linen bundles, may
not have been the fate of the excised heart, but it was certainly the case for other
organs in some mummies. This sample attests to the internal and external
placement of organ packages, and similarly-shaped linen bundles, from the New
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Kingdom onward. The placement of organs in packages in the body cavity, rather
than in canopic jars, is attributed to the 20th Dynasty, beginning with Ramesses
V (Taylor, 2001). Significant levels of tomb robbing in the Valley of the Kings is
attested to in legal papyri (e.g., Abbot, Mayer, and Amherst Papyri), and may
have prompted internal replacement as an insurance policy against the organs’
loss to theft. The dismantling of the royal tombs at the end of the 20th Dynasty
was also likely a strong factor influencing the adoption of this practice, as tombs
were stripped by the priesthood of valuable mortuary artifacts and the owners
were cached in groups in the Theban necropolis (see Taylor, 2001).
Both prior to and following the introduction of the viscera to the body
cavity, the cavity was packed with a wide variety of other substances. Owing to a
dearth of available information on CT numbers for specific mummification
materials, and to their minimal reporting in the literature, a detailed analysis of
the presence of specific packing materials was not possible here beyond the
basic observations made above.
Anal and perineal tampons were present in members of both sexes and
statuses beginning in the Third Intermediate Period in this sample. That only one
individual exhibited an anal/perineal tampon without evisceration encourages,
with caution, interpretation of the tampon as a sign that evisceration had
occurred, in individuals too damaged to assess the body cavity directly. The
presence of the anal tampon, however, is not a unique sign that an individual has
been eviscerated per anum, and in five cases among the mummies of the
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Rijksmuseum of Leiden alone there were anal tampons present in individuals
eviscerated transabdominally (Raven & Taconis, 2005).
Artifacts, within the body and the wrappings of the mummy, played an
important part in preparation of some individuals for the afterlife in the New
Kingdom (cf. Budge, 1893), and amulets are reported to increase in number with
the status of the deceased (Salter-Pedersen, 2004). Mummification artifacts,
such as the scarab and Sons of Horus statuettes, do not appear in this sample
until the Third Intermediate Period, but were present in at least the New Kingdom
as attested by the large number (143) included in Tutankhamun’s mummy
(Salter-Pedersen, 2004). When present in this sample, the mummification
artifacts were present only in association with elite mummies. Taken in the
context of the democratisation of mummification in these periods (NK and 3IP),
and Salter-Pedersen’s (2004) observation that a greater number of artifacts were
used in better quality mummies, additional elements such as amulets and
statuettes (also more and better ushabtis and funerary texts) ensured that the
elite were provided with a better quality of embalming and, consequently, a better
quality of afterlife. Despite the fact that elite and commoners alike had their
organs replaced internally by the Third Intermediate, only the elite received Sons
of Horus or other (Ptah-Sokar-Osiris statuette? – cf. Shaw 2000) statuettes in
those packages, in this sample. No clear trend is present in the few cases of
incision plate use, besides its apparent beginning as an elite male feature in the
New Kingdom, followed by its diffusion to females and the middle class.
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4.1.8 Radiological Markers

The difficulty in accurately assessing the tissues of the body cavity arises
from (1) the greatly reduced size of desiccated tissues, obscuring their shape
and position; (2) the greatly reduced density contrast between tissues in their
desiccated state, obscuring their presence and differentiation; and (3) the incision
and excision of tissues in the embalmer’s process of evisceration, further
obscuring the shape of the tissues and destroying anatomical relationships. The
radiographic examination of the body cavity of mummified human remains has
been improved by comparison studies of radiographs and autopsy results
(Lichtenberg, 1994; Aufderheide, 2003), but many structures are difficult to
visualise at all in plain film radiographs (Aufderheide et al., 2004).
Because of the relatively low contrast resolution of plain film radiographs,
relative to CT scans, and because of the superimposition of structures in plain
films, CT is more readily able to provide a source of accurate information about
body cavity tissues. The three-dimensional information available in CT scans,
particularly at the high spatial resolutions available from the current generation of
scanners, provides important information about the continuity or discontinuity of
structures for their identification. Ongoing research into the use of dual or
multiple energy CT (e.g., Friedman et al., 2008), wherein different materials
attenuate X-rays differently at varying energy levels, is expected to improve
differentiation of tissues and mummification materials. The application of
additional imaging modalities (e.g., MRI, terahertz EM imaging, XRF), which are
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increasingly easy to merge into composite datasets, also holds the potential to
increase our ability to discern specific materials and tissues.
The route of evisceration is often easily discernible. If the abdominal skin
is intact, the embalming incision on the left abdominal wall is easily appreciable
on CT scans and its position and direction may be effectively discerned in threedimensional reconstructions (Fig. 13A, 14A, 16A). The presence of an incision
plate (Fig. 14C), however, may be the only indication of transabdominal
evisceration in plain films. The perineal forms of evisceration, and particularly
their differentiation, may be substantially more difficult. The accumulation of large
amounts of resin at the perineum (Aufderheide, 2003) and the compaction of
loose folded skin in this area complicates its assessment (Fig. 18A). The
presence of anal, vaginal, or perineal tampons, particularly if their appearance is
accentuated by resin-impregnation (Fig. 17C, 20), may aid in identifying discrete
structures in this region.
Among the structures present in the body cavity, the heart and lungs are
the most readily identifiable by their position. The heart, when it is retained in the
chest appears as a dense mass suspended in the pericardium (Fig. 13B), while
the lungs remain as thin (<2cm), flat structures in the dependent portion of the
thoracic cavity and may appear as patchy opacity in chest films (Smith & WoodJones, 1910; Rideout, 1977; Aufderheide et al., 2004). The inferior border of the
lung may be quite defined, retaining its original shape. The pericardium itself
appears as a linear opacity; “a tent tethered between the sternum and thoracic
spine” (Scott et al., 1977:464) and diaphragm (Fig. 18B). The diaphragm also
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Figure 20: Plain film radiograph of RM-2717 (a Theban female at the Redpath
Museum), showing a dense heterogeneous mass at the pelvic outlet indicative of
anal, vaginal, and/or perineal packing.
appears as a linear opacity on CT scans (Fig. 16B). The liver appears as a dense
mass, reduced in size but retaining its shape, connected by the round ligament to
the posterior of the abdomen (Scott et al., 1977). It may also be found adherent
to the inferior border of the pericardium (Rideout, 1977). The intestines, stomach,
and urinary bladder are reduced to fine, papery, easily disrupted structures (Scott
et al., 1977), again appearing as linear opacities, but the intestines may be
supported by faecal matter and retain their natural shape as bowel loops (Fig.
19B) and their position. The kidneys are particularly difficult to differentiate, as
they are reduced to flattened opacities that may be indistinguishable from other
similarly flattened retroperitoneal structures (Smith & Wood-Jones, 1910;
Aufderheide et al., 2004).
In the case of wrapped organs, returned to the body cavity, the packages
are virtually indistinguishable from one another (Raven & Taconis, 2005). The
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loss of shape, position, and contrast in the wrapped organs is further aggravated
by the frequent presence of large amounts of resin, sharing the dependent
portion of the body cavity, which soaks the linen packages (Fig. 13B, 14B, 16B).
Organ packages can typically be differentiated from empty linen rolls by their
heterogeneous density on CT scans (Fig. 13B, 14B) (produced by radiodensity
difference between linen, resin, desiccated organ, and adherent natron), and by
the simple lack of volume at the centre of other empty rolls of linen present in the
body cavity (Fig. 16B).
Mummification artifacts included in and on the body are often easily
recognisable as such, particularly when fashioned from dense materials like
stone, faience, ceramic, and metal (Fig. 14C). In the case of high resolution CT
scans, it may even be possible to identify and read inscriptions on artifacts such
as heart scarabs (Jansen et al., 2002). Anal, vaginal, and perineal tampons are
identified by their placement at these orifices, but may be difficult to differentiate
from one another in the perineal orifice. Untreated linen tampons may be
appreciable, more so when made more radiodense by resin-impregnation, and
the latter will be apparent in plain films (Fig. 20).
Resin in the body cavity is also easily recognisable as a high-density,
homogeneous material, approaching the radiodensity of bone (Fig. 13B, 16B,
16C). The relative homogeneity of resin distinguishes it from packing with soil or
other dense materials. When introduced to the body cavity in a liquid state, it
settles to the lowest point (Fig. 13B, 16B, 16C), although its temperature and
fluidity may allow it to penetrate, even crack, bones (Derry, 1939). Resin is
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sometimes referred to as demonstrating an air-fluid or fluid-fluid level (Fig. 13B,
16B, 16C) (e.g., Pickering et al., 1990), but is more accurately designated a
straight level (Strouhal et al., 1986) or solidified fluid level. It has also been noted
that resin introduced to the body cavity may overflow into the cranial cavity and
feather or pool there, depending on its temperature (Aufderheide, 2003).

4.1.9 Conclusions

This study demonstrates the difficulty in relying on the classical
stereotypes of authors such as Herodotus and Diodorus Siculus. In spite of the
lack of detail present in descriptions of mummies throughout much of the
literature, there is substantial evidence for (largely unappreciated) variability in
the mummification tradition and for that variation’s contradiction of the classical
descriptions. This study addresses the hypothesis that, were the descriptions of
evisceration by Herodotus and Diodorus accurate and adequately representative,
one would expect to see (1) transabdominal evisceration only in the elite, (2)
frequent anal enema evisceration among the commoners, and (3) near universal
retention of the heart in eviscerated mummies. Rather, the empirical data
demonstrate transabdominal evisceration in large numbers in both social
classes. Not only are anal enema eviscerations not clearly present, evisceration
by any means in the perineal region is restricted to female elites in the few cases
that are reported. Finally, the position that the heart was always left in place,
replaced if accidentally removed, and replaced by a heart scarab if not returned,
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is far from the truth. The heart was not commonly retained in situ in eviscerated
mummies, it was rarely returned once removed, and it was rarely replaced by a
heart scarab. This represents a disconnect from the role of the heart in the
literature and its apparent importance in the Weighing of the Heart myth.
In light of the trends towards increased commoner mummification in the
New Kingdom, transabdominal evisceration, and heart absence, however, these
features should have been the norm by the time Herodotus and Diodorus were
writing in the Late and Ptolemaic Periods. Even in the face of the increasing rates
of mummification, the perineal methods of evisceration remain rare, may or may
not have involved any form of turpentine enema, and were solely the purview of
the elite. The hypothesis constructed from the stereotyped account by Herodotus
and Diodorus is, therefore, falsified, and these classical accounts, must no longer
be taken as the de facto rule in Egyptian mummification (cf. Wade et al., 2011,
for a similar conclusion regarding excerebration). The classical descriptions
should only be considered as, at best, a possible snapshot of mummification
performed by one particular workshop; a snapshot that does not express the full
range of variation in the practice throughout the entirety of Egypt over the course
of three millennia, nor necessarily even the period in which the account was
written.
The inadequacies in mummification reporting and the reliance on
normative classical descriptions highlight the need for more detailed, consistent,
and comprehensive descriptions of Egyptian mummified remains (cf. Dageford et
al., 2009; Zweifel et al., 2009; Wade et al., 2011). Accurate identification of
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desiccated organs, or at the least their obvious absence, is an essential
component in the assessment of evisceration’s variation and evolution in
Egyptian mortuary ritual. Computed tomography datasets, merged at multiple
energy levels (e.g., Friedman et al., 2008) with data from other imaging
modalities (e.g., Ruhli et al., 2007), provide a high-resolution, non-destructive
means by which to adequately assess this variability.
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Addendum to the Synthetic Evisceration Study Findings
4.2.1 Preface

The purpose of this addendum is to examine the correspondence of
additional data, from direct assessment of primary datasets in the IMPACT
Radiological Mummy Database (Nelson & Wade, 2011), to the hypotheses tested
and questions raised in the previous synthetic study of evisceration features. The
IMPACT Radiological Mummy Database, discussed at length in Chapter 5, is a
large-scale collaborative digital database of mummy radiographs based around a
Picture Archive and Communication System (PACS), developed for use in
hospital and clinical radiology departments. The datasets included in IMPACT
are collaborative contributions from researchers and institutions worldwide,
intended to provide qualified researchers with Internet-based access to primary
data.
The synthetic study of evisceration (Wade & Nelson, Submitted)
demonstrated the substantial variability in body cavity treatment and the difficulty
in relying on the stereotypes derived from classical accounts. The classical
accounts by Herodotus (Appendix C2) and Diodorus (Appendix C3) were tested
empirically, and falsified. From these accounts evisceration is expected to have
occurred via abdominal incision only in the elites, and via chemical enema in the
eviscerated commoners. Additionally, the vast majority of eviscerated mummies
would be expected to have retained their hearts in situ.
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The empirical data in the synthetic study, however, demonstrate

transabdominal evisceration in both elites and commoners; no clear indications
of chemical evisceration; transperineal evisceration predominantly or entirely
among elites; and rare retention of the heart. The findings of the synthetic
evisceration study also provided indications of trends and patterns that are
developed into eleven new hypotheses tested here.

4.2.2 IMPACT Sample

The sample employed in this preliminary application of the IMPACT
Radiological Mummy Database, referred to herein as the IMPACT sample to
distinguish it from the synthetic sample in the preceding paper, is drawn from
assessments of the films and scans of the 50 human Egyptian mummies
(Appendix D1) included in the database as of 15 January 2012. Of these 50
individuals, 41 were identified as relevant to a study of the treatment of the
viscera and body cavity (i.e., minimally, the presence or absence of evisceration
or of organs could be ascertained – Appendix D3). Thirty-five individuals could be
confidently assessed for the specific treatment (i.e., eviscerated, intact,
technique). The 41 relevant individuals include:
21 with status estimates - 7 commoners, 14 elite
39 with age range estimates - 31 adolescents/adults, 8 children (13 & under)
37 with sex estimates - 20 females, 17 males.
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Dating ranges were available for 33 individuals, covering from the New Kingdom
through to the Roman Period, and excavation locations were available for 18
individuals, half of which were Theban. The distribution between periods in the
IMPACT sample is not significantly different (by G-Test, p=0.073) from that of the
synthetic sample. While the total sample size is smaller in the IMPACT sample,
the degree of detail available and the comparability of results are much greater.
The seven mummies examined directly from the previous synthetic study
(Wade & Nelson, Submitted), are included in the IMPACT database, but were not
used to retest the Herodotean hypothesis of the original paper. These individuals
were used only to examine the new points raised in the synthetic study, and not
where they were the only or deciding case.
The earliest of the 30 cases of evisceration (Table 6) were transabdominal
eviscerations among the male elite of the New Kingdom. Transabdominal
evisceration, nine cases in total, appeared among the women and commoners of
this sample by the Third Intermediate Period. Transperineal evisceration is
attested by three new cases (four in total), and begins in the Late Period among
these new cases. All three new cases, dating from the Late to Roman Periods,
were female elites. The earliest of the five uneviscerated mummies in the
IMPACT sample was a New Kingdom or Third Intermediate Period (18th to 21st
Dynasty) female. The remaining six cases could not be assessed for the
Total Eviscerated Intact Evisceration Abdominal Perineal
Technique
Sample
Indeterminate
Indeterminate
50
30
5
15
9
4
17
Table 6: IMPACT sample distribution of evisceration techniques.

	
  

	
  

230	
  

presence or type of evisceration, owing to damage or to coverage and projection
limitations, but elicited information about the presence and absence of organs
and artefacts (Appendix D4). This sample, like the excerebration sample,
contains good coverage of the Late and Ptolemaic Periods to adequately test the
hypotheses based around Herodotus’ Late Period and Diodorus’ Ptolemaic
Period accounts of mummification.

4.2.3 Herodotean Hypothesis Testing

The synthetic study examined three key hypotheses derived from the
classical accounts by Herodotus and Diodorus (see Appendices C2 & C3). These
hypotheses were:
1. Evisceration, specifically transabdominally, should be limited to the elite.
2. Anal chemical evisceration should be plentiful and restricted to
commoners.
3. The heart should always be left intact.
As in the excerebration study (Chapter 3), the IMPACT sample results do not
support the Herodotean/Diodorean stereotype. Of the new cases of evisceration,
all of those with a known status are elites and thirteen cases are of indeterminate
status. This result does not falsify the first hypothesis, but is, again, largely
redundant given the cases of commoner evisceration falsifying it in the synthetic
study. The second hypothesis is falsified, however, as no cases of anal chemical
evisceration were apparent and the three new cases of perineal evisceration
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were performed on elites. As in the synthetic evisceration study, the presence of
intact hearts was quite rare, and the third hypothesis is again falsified. Only one
new case was noted of an intact heart in an eviscerated mummy, and eight
cases of evisceration were absent their hearts. In only one case, an eviscerated
adult male of indeterminate status from the Ptolemaic Period, had the heart been
replaced, and in this case the replacement was with a bundle of straw.

4.2.4 Additional Hypotheses Raised

In addition to testing the Herodotean/Diodorean stereotype, the synthetic
study raised several new points that may be subjected to preliminary testing
using the IMPACT data. These items are presented here as eleven new
hypotheses, and tested using the whole IMPACT evisceration sample:
1. Evisceration had its origins among male and elite burials.
2. Heart removal was intentional, indicated by coincident lung retention.
3. Heart removal coincided with heart scarab placement.
4. Transperineal evisceration did not rely on chemical visceral dissolution.
5. A – Transperineal evisceration was an elite practice.
B – Transperineal evisceration began among females of the Third
Intermediate Period.
6. The relative proportions of body cavity treatments are
Transabdominal > Intact > Transperineal.
7. The abdominal incision should be on the left side.

	
  

	
  

232	
  
8. The partial transition from vertical hypochondrial incisions to diagonal
inguinal incision occurred in the 18th Dynasty.
9. The presence of an anal tampon indicates evisceration has occurred.
10. The size of the abdominal incision (indicated by incision length) is
negatively related to the status of the individual.
11. A - Incision plate use began among New Kingdom males and elites, and
among commoners and females in the Third Intermediate Period.
B – Incision plate use ended following the Late Period.
The male and elite origins of the evisceration tradition are supported by

the IMPACT Sample, and this hypothesis is not falsified. The earliest case of
evisceration in this sample is an elite male dating to the New Kingdom, and the
earliest eviscerated female and commoner are from the Third Intermediate. The
female dating to the New Kingdom or Third Intermediate Period (18th to 21st
Dynasty) was not eviscerated. This finding is in agreement with the synthetic
study’s findings and reflects the funerary cult’s origins, and the origin of new
features in it, as a pharaonic right (Smith & Dawson, 1924). Access to
mummification features trickled down to the noble families, non-royal elites, and
the middle-class (discussed here as commoners) over time (Smith & Dawson,
1924; Strouhal, 1995), likely resulting in the wide range of variation demonstrated
in the mummification tradition.
Only two eviscerated individuals, both elites, retained their hearts and the
likelihood of accidental excision and loss of the heart has been discussed in the
synthetic evisceration study. One new case of lung retention in spite of heart
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absence, in addition to those noted previously, supports the hypothesis that heart
removal was intentional rather than accidental. In this individual the heart has
been removed through the base of the pericardium, and the diaphragm is
otherwise untouched and the lungs intact (Figure 21). The importance of the
heart as the seat of intelligence and emotion, which “speaks out of the vessels of
every limb” (Papyrus Ebers, XCIX in Ebbell, 1937:115, see also Ghalioungui,
1963), ought surely to demand careful work by the embalmer with a knife in its
proximity.
Having removed the heart, the classical and modern texts suggest that the
embalmer was required to return it or replace it with a heart scarab. It has been
suggested that hearts were removed beginning as early as the 11th Dynasty and
replaced with an inscribed heart scarab (Sethe, 1934 in Lekov, 2004), and so
heart scarab placement ought to coincide with heart removal. This hypothesis is
weakly supported, but not falsified, by the IMPACT sample in which only two
heart scarabs were noted in 41 observable cases. One was identified in an
eviscerated individual absent its heart, and the other in an eviscerated individual
whose heart presence or absence could not be definitely ascertained from the
available projections. These two cases were dated to the Third Intermediate and
Late Periods. According to Grajetsky (2003), however, the heart scarab was a
common burial feature from the 18th Dynasty onwards and ought to be present in
earlier cases of heart absence.
The question of partial organ retention was also raised in the technical
execution of transperineal evisceration, often associated in the literature with the
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Figure 21: A 3D reconstruction, sectionned coronally, of IMP00012 (Ptolemaic
Period female RM-2720 at the Redpath Museum), showing the intact lungs in the
thoracic cavity.

	
  

	
  

235	
  

cedar oil enema of Herodotus’ description. Among the new cases of
transperineal evisceration, however, there remained signs of intact organs and
incision and excision of membranes to access the heart and lungs. There were
signs of diaphragm incision bilaterally in one case, and an intact left kidney and a
diaphragm incision in another. A third retained its lungs but not its heart, which
was removed through the base of the pericardium. The use of (anal) chemical
evisceration is still not conclusively attested.
The synthetic study’s hypothesis that the application of transperineal
evisceration was restricted to the elite, particularly to elite females, is also
supported by the IMPACT sample findings. The three new cases of transperineal
evisceration are all elite females. The second item of hypothesis five is also not
falsified by the IMPACT data. All of the new transperineal cases date to between
the Late and Roman Periods, rather than prior to the Third Intermediate Period.
As in the synthetic evisceration study, the transperineal form remained
uncommon in the IMPACT sample. The ratio of transabdominal, transperineal,
and intact body treatments, at 63:9:36 in the synthetic sample, was 9:4:5 in the
IMPACT sample. Unfortunately, 17 cases could not be assessed for evisceration
type owing to the limitations of the radiographic projections available.
Transabdominal evisceration remained the most popular, with half of all
mummies in the sample exhibiting signs that the viscera had been removed by
this route.
The modern and ancient literatures also agree on the universal left side
entry for transabdominal eviscerations. All of the nine cases of transabdominal
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evisceration, where the incision side could be ascertained, were performed on
the left side of the abdomen. A single case, in a male from Ptolemaic Akhmim,
was performed slightly more medially than has been the author’s experience to
observe (more in line with the nipple than the armpit), but was still fully on the left
half of the abdomen. The merits of a left side entry are discussed in greater
length in the synthetic study.
The IMPACT sample was unable to test the hypothesis that the use of a
diagonal inguinal incision, rather than a vertical hypochondrial one, began in the
18th Dynasty. No new cases of diagonal inguinal incision were noted among the
transabdominal evisceration cases. However, that all post-New Kingdom
transabdominal eviscerations noted in the IMPACT sample were performed
through vertical hypochondrial incisions demonstrates that the transition to
diagonal inguinal incision following the 18th Dynasty was not a complete one.
In the ninth hypothesis it is supposed that, like transnasal craniotomies
and nasal tampons, the presence of an anal tampon may be indicative of
evisceration. This hypothesis is weakly supported by the IMPACT sample, in
which there are only three cases of anal tampons (one with an additional vaginal
tampon). One of these individuals was clearly eviscerated transperineally, but the
remaining two could not be assessed for evisceration. Perineal plugs, however,
were clearly present in two of the cases of transperineal evisceration. If the anal
and vaginal tampons in a third, and the pelvic packing contiguous with the
packing outside the perineal lesion in the remaining case, may be counted as
perineal plugs, then it may be true that the presence of a perineal plug is
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indicative of transperineal evisceration. Though this may seem obvious in light of
the need for a perineal lesion for insertion of a perineal plug, a perineal plug
made radiopaque by resin impregnation may be a vital clue to the evisceration
status and type in individuals for whom only plain film X-rays are available (see
Figure 20).
The size of the abdominal incision, again likened to the TNC lesion, may
also be connected to the quality of the embalming and, therefore, the status of
the individual being embalmed. This proposition seems more likely than that for
the TNC lesion, as there would be a greater degree of control over the soft tissue
incision size than there would over the blind perforation of the perinasal skeletal
structures. The limited information for incision size available in the IMPACT
sample supports the assertion that a smaller incision is related to higher status
(Table 7). An estimate for the initial incision length was made by treating the
incision as a simple ovoid and calculating the initial linear length as half of the
perimeter of that ovoid. The initial incision lengths of the elites ranged from

Elite

Commoner

Indeterminate

Length (mm)

Length (mm)

Length (cc)

Date
New Kingdom

100

Third Intermediate Period

161
144

Late Period
Ptolemaic/Roman

119
90-100

Table 7: IMPACT sample abdominal incision lengths by status and time period.
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90mm to 119mm, while the commoner’s was 161mm in length. An incision, in an
individual of indeterminate status, was estimated at 144mm in length. In their
experimental mummification, Bob Brier and Ronn Wade (1999) experienced
difficulty in removing the liver through a 63.5mm incision, but were able to
remove this largest of organs by extending the incision to 76mm.
The abdominal incision is often noted in the literature as being covered by an
incision plate of metal or wax. This placement was noted in the synthetic
evisceration study as initiated among New Kingdom male elites, in that sample,
and among females and commoners by the Third Intermediate Period. The
practice was not apparent following the Late Period in the original sample. The
IMPACT sample includes four new cases of individuals with incision plates.
Three of these cases are elites dating from the Late to Roman Periods.
The fourth case dates to the Ptolemaic Period, but is of indeterminate status.
From these data, the first item of the final hypothesis is weakly supported, by the
greater frequency of elite use, but the second item is falsified. Incision plate use
continued through to the Roman Period, but the majority of these later incision
plates were made of cartonnage or linen and resin rather than metal or wax. It is
of some note that the cartonnage incision plate noted for the Roman Period
female was not identified in plain film X-rays, and only in subsequent CT scans
was the plate appreciable. This individual is, to date, unique in receiving an
abdominal incision plate in a case of transperineal evisceration (Wade et al.,
Submitted). Niwinski (1989) notes the unusual use of Papyrus Cairo 15 as an
incision plate, and the underappreciated use of cartonnage, papyrus, and other
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thin, low-density materials for incision plates may be common from the late New
Kingdom onward.

4.2.5 New Findings

The apparent relation between resin presence in the crania of
excerebrated individuals, and elite status in the IMPACT excerebration sample
drew attention to the possibility of a possible similar relationship between status
and body cavity resin. Although a relationship based on presence of resin is less
simple in the body cavity, with three elites, one commoner, and one
indeterminate status individual receiving resin, the volume of resin present in the
body cavity appears to have a status association (Table 8). The volume of resin
was roughly estimated from the volume of a rectangular prism described by the
three perpendicular measures of the resin’s extent. All of the elites received
considerably more resin than did the commoner or indeterminate individuals. The

Elite

Commoner

Indeterminate

Volume (cc)

Volume (cc)

Volume (cc)

Date
New Kingdom

635

Third Intermediate Period

1826

478
162

Late Period
(Roman)

6073
1161 (external)

Table 8: IMPACT sample body cavity resin volumes by status and time period.
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individual of indeterminate status is also the individual whose abdominal incision
was 144mm, implying a commoner status if the prior hypothesis that incision
length is an indicator of quality and status is correct. Additionally, the New
Kingdom elite’s resin volume was a substantial underestimate owing to damage
from a 19th century autopsy (Wade et al., 2012). A Roman Period elite individual
also received a substantial application of liquid resin, but externally pooled on the
eviscerated abdomen. From these preliminary figures the volume, if not the
presence, of resin in the body cavity appears to be positively related to the status
of the recipient. The increased access to and use of resin, notably tied to the
trade of the Ptolemaic Period, may have resulted in increased volumes in both
statuses or reduced the gap between them, but no Ptolemaic or later examples
of internal body cavity resin application were present in the IMPACT sample.

4.2.6 Discussion

The findings of the preliminary IMPACT evisceration study support those
of the synthetic evisceration study and complement the findings of the synthetic
and IMPACT studies of excerebration. The stereotypes formed from the classical
accounts of Herodotus and Diodorus are again falsified, and must be treated with
serious skepticism in their associations between features and trends seen
firsthand in mummified human remains. While the monolithic status associations
that these stereotypes have suggested are not supported by the primary data,
there are apparent status associations for particular features. The positive
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relationship between resin volumes in the body cavity and status are in
agreement with the similar findings for cranial resin. With the IMPACT
evisceration sample, again, the priority of males and elites to receive new
treatments and elaborations is borne out by the data. The assertions of Smith
and Dawson (1924) and Strouhal (1995), that these privileges become available
over time to progressively lower social strata, are also supported.
The question of the validity of Herodotus’s cheapest mummification
technique, the cedar oil enema often associated in the literature with
transperineal eviscerations, and particularly its supposed lower status
association may also be addressed here. It was Lucas’ (1926) opinion that oil of
cedar, as the red cedar bark essential oil it is known as today, was not available
to the ancient Egyptians. Even modern steam distillation methods recover only a
1-5% yield of cedar oil (FAO, 1995). This would make it an exceedingly valuable
product, if it was produced in ancient Egypt, particularly given the value of the
wood itself. Turpentine, which may have been available in cedar oil’s stead, is a
product of coniferous wood resin distillation, and modern distillation methods
produce 65-70% rosin (tree resin/sap solids lacking turpentine solvent) by weight
and only 15% turpentine by weight (FAO, 1995). Surely the rarer, more volatile
(and therefore more difficult to capture and store) of the products would fetch an
even higher price than the valuable resin, from which it was made and which
these studies indicate was of such high price (at least initially) to severely limit its
use by commoners. There seems little point in using this relatively rare material,
made from the valuable Lebanese cedar, in large quantities to eviscerate
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commoners in the least expensive manner. Ghaliougui (1963) notes the
possibility of using cheaper radish-seed oil, and cites the Roman author Pliny’s
observation of rising radish-seed oil prices, but this is an edible vegetable oil
rather than a corrosive organic solvent.
The Apis and Buchis Bulls and the Mother of Buchis (unique sacred
animals of the bull cults) were selected for their markings following the death of
the previous sacred bovine, and the previous animal was mummified (Ikram,
2003). That such a turpentine product would have been used to infrequently
embalm the long-lived bovine mummies (2 or 3 times a generation?), evidenced
by the Papyrus Vindob 3873 (Spencer, 1982; Vos, 1993) and by archaeological
finds of large enema rigs (Mond & Myers, 1934) unattested to for humans, makes
much greater sense. It is likely, therefore, that Herodotus’ account of chemical
evisceration was, in fact, related to the Buchis or Apis Bulls’ embalming by which
Herodotus, though misunderstanding or etic logic, equated a mummification
treatment for an animal with a cheap treatment for humans.
The strongest evidence for turpentine’s efficacy in dissolving the internal
organs comes from Salima Ikram’s experiments with animal mummies (cf. Ikram,
2003; 2005). The process required a substantial volume of turpentine (168mL for
an 800g rabbit) that was spread throughout the body cavity by massage. The
expense and effort to dissolve the viscera of a human notwithstanding, the pure,
modern turpentine was so effective that it dissolved the flesh of one upper leg,
resulting in damage that permitted substantial drainage of the fluids and partially
dissolved organs (Ikram, 2005). This method removed almost all organs and all

	
  

	
  

243	
  

organ remnants, as well as dissolving the trachaea, and although the heart
remained undissolved in this experiment, the pericardium did detach from the
chest walls and floated loose in the body cavity (Ikram, 2005).
The synthetic evisceration study found two cases of intact hearts, two of
intact lungs, and two (possibly) intact livers, in the nine individuals eviscerated
transperineally. One individual was even associated with a packaged lung,
refuting the possibility of its chemical dissolution. The new cases of transperineal
evisceration in the IMPACT sample also retained lungs, a kidney, a heart, and
the trachaea. Furthermore, evidence of incised and excised sections of otherwise
intact diaphragms and pericardial sacs demonstrate that the embalmers had not
simply left a chemical to dissolve the viscera on its own. No pooled residue of
impure turpentine and dissolved organs is noted in any of these cases. Pooled
accumulations in any body cavities are of resin, and are found only in
transabdominal eviscerations. The case for anal chemical evisceration, if the
injection was indeed anal as Herodotus implies, is not well-supported in human
mummification and not evident here.
The overwhelming absence of the heart in eviscerated Egyptian
mummies, however, remains a matter of significant confusion. The apparent
status associations with heart retention, also seen in the IMPACT data, strongly
suggest that, even in later periods, intentional heart retention remained the
privilege of the elite. The removal of the heart may, then, have been surreptitious
for the commoners being embalmed. A rubric for Spell 156 from a Book of the
Dead reads as follows:
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As for any noble dead for whom this ritual is performed over
his coffin, there shall be opened for him four openings in the
sky…. As for each one of these winds which is in its opening,
its task is to enter into his nose. No outsider knows, for it is
a secret which the common folk do not yet know; you
shall not perform it over anyone, not your father or your son,
except yourself alone. It is truly a secret, which no-one of the
people should know. (Faulkner, 1985:156, emphasis added).
The commoners having their hearts removed, to ensure for the elite a favoured
position, may simply not have known that they were to be spiritually hobbled.
Even the heart’s replacement with a scarab of stone or faience is not universally
applied to the individuals whose hearts have been removed, although it is
understandable that many scarabs would be lost to looters and still more
separated from damaged or drab-looking mummies by museums more interested
in display pieces.
While scarab placement is well-documented, the intentional replacement
of the heart by a heart scarab is not a clearly attested practice by the Egyptians,
and it is from the Spell 30B inscription on many examples that this association
has been made (Shorter, 1935). Gardiner (Gardiner & Davies, 1915) was of the
opinion that the spells connected with the heart scarab, and other amulets, also
had the potential to stimulate the function of the heart and other body parts, and
the symbolism of the scarab as creator and enactor of the celestial resurrection
cycle appears to cement the connection (Shorter, 1935).
Alternatively, an understanding of a metaphorical heart as the individual’s
intelligence may be a more fruitful reading of the situation. The heart as an
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organ, which may or may not require preservation, separate from the heart as a
manifestation of consciousness has been suggested by some authors (Piankoff,
1930; Lekov, 2004). Their arguments stem from linguistic differences that
differentiate a HAtj (or h3.tj) heart, the organ, from an ib (or jb) heart, the
consciousness (Lekov, 2004). An example is attested in the tomb of Djehwtj:
The beautiful funeral, it will come in peace.
Your 70 days will complete in your “wabet”,
while you are being given to the stretcher in the house of relief.
You are drawn by the white bulls; the way with milk is open,
so that you can reach the entrance of your tomb.
The children of your children, all together will cry with loving hearts.
Your mouth is opened by the priest kherj-kheb,
you are purified by the priest se(t)em.
Horus measured your mouth for you,
he opened for you your eyes and ears.
The flesh (your), all your bones, are related to you.
The spells “sahu” are said for you,
“hetep di niswt” (the formula) is made for you.
ib.k m a.k wn-mAa
Your heart-ib, real, belongs to you,
HAtj.k n wnn.k tp tA your heart-HAti belongs to your existence on earth.
ij.tj m qmA.k imj-HAt You come in your previous shape (form),
mj xrw ms.n.tw.k im.f as in the day, in which you was born…
(Lekov, 2004: 6-7).
Assmann (2005) has suggested that the earlier usage of jb heart, related to the
Hebrew leb or lebab for heart, may have been incompletely displaced by the
usage of h3.tj heart, related to the much later Coptic het, in the evolution of the
language. The jb heart is also, according to Assmann (2005) more likely
associated collectively with the other internal organs, while the h3.tj heart refers
to the consciousness and moral self. Thus, the jb heart (and internal organs)
might be removed in the embalming process, while the h3.tj was judged by the
gods and returned to the transfigured person for the afterlife (Assmann, 2005).
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Unfortunately, the usage is not consistent and it is Lekov’s (2004) contention that
those roles are reversed. Regardless, there may be room for one usage or the
other, perhaps interchanged or conflated over time, to refer to a metaphorical
heart that remains intact while a physical heart is dealt with relatively casually.
The importance of the heart to Egyptian medicine (Ghalioungui, 1963, 1980), the
attention to a complete and undamaged mummy, and the apparent elite retention
of the heart, however, would seem to belie such casual treatment, and argue for
closer examination of body cavity treatment and heart treatment in particular.

4.2.7 Conclusions

As in the case of the excerebration synthetic (Wade et al., 2011) and
IMPACT (Chapter 3.2) studies, the findings of the IMPACT study support the
findings of the synthetic study in terms of variability and the inaccuracy of the
classical descriptions of mummification. Eleven new hypotheses, derived from
the synthetic findings, were tested using the IMPACT sample. The finer detail
and comparability of the findings from primary radiographic data supported status
associations for technique origins, the transperineal route of evisceration, and
heart retention.
Additional technical features and timing could also be tested here, some of
which relied heavily on the volumetric nature of CT data to allow precise
measurements in three dimensions and to overcome the issue of superimposition
of structures in two-dimensional X-ray projections. The new finding of status
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associations for body cavity resin volumes, in particular, would not have been
practical (even as estimates) without the three-dimensional data from CT scans.
The positive relationship between body cavity resin volume and status, in
light of the cranial resin findings and the volume increase following the
democratisation of mummification, is another example suggesting the
progressive elaboration of mummification as a factor of status (cf. Ch. 3.2). Had
the elite wished to distinguish their afterlife from that of the mummified common
man, they were able to seek out more extensive and expensive treatments. The
embalmers may even have been actively diminishing the commoner’s place in
the afterlife, relative to the elite, by removing that most important organ of
cognition and emotion, the heart, from commoner chests.
The incompletely understood relationship between the personality heart
and the oft-removed physical organ, and the novel appearance of transperineal
evisceration in elite female, rather than male pharaonic, mummies both demand
further exploration. The status and gender associations of these and other
mummification features hint at unplumbed depths of identity expression, and
require study in greater detail and greater numbers.
The IMPACT study further illustrates some of the considerable and
underappreciated variability in body cavity treatment in the Egyptian
mummification tradition. The use of large-scale, comparative studies, such as are
possible with the IMPACT Radiological Mummy Database, is vital to the
progression of our understanding of mummification and its role in expressions of
identity, social structure, and political transition in ancient Egypt.
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5. IMPACT Radiological Mummy
Database Development

A version of this chapter has been submitted as:
Wade AD, Nelson AJ. IMPACT: Development of a radiological mummy database.
Submission to Anatomical Record.
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5.1 Introduction

IMPACT, the Internet Mummy Picture Archiving and Communication
Technology radiological database, is a large-scale, multi-institutional,
collaborative research project devoted to the digital preservation and scientific
study of mummified remains, and the mummification traditions that produced
them, through non-destructive medical imaging technologies. Owing to the
importance of non-destructive analyses to the study mummified human remains,
the IMPACT databases, website, and wiki provide a basis for anthropological and
palaeopathological investigations, grounded in the most current technological
imaging and communication standards, accessible through any internet
connection, and protected against rapidly changing media standards.
Composed of paired online radiographic and contextual databases, the
IMPACT project is intended to provide researchers with large-scale primary data
samples for anthropological and palaeopathological investigations that will move
mummy studies from a case-study approach limited by mismatched or
incomplete secondary descriptions to a primary, comparative, populational
approach, more in tune with epidemiological paradigms in play in modern
medicine, and increasingly in palaeopathology.
Complementing the radiological PACS (Picture Archiving and
Communication System) database, where medical images are the unit of study,
the SQL-based context database focusses on the geography of the body and the
additive, destructive, and transformative changes experienced by the body over

	
  

	
  

253	
  

decades of life, weeks of mummification, and millennia of history. The evolution
of mummification traditions, parasites, pathological conditions, and social
attitudes indicated by mummy studies can be subjected to rigorous scientific
inquiry, rather than continuing as “the product of probabilistic intuitions widely
shared” (Stoney, 2008:360) by mummy researchers.
The database is currently focussed on the mummified human remains of
ancient Egypt (it is from the study of this region that examples will be drawn
here), but will expand to encompass mummy imaging studies for cultures around
the world; including non-human mummies and related artifacts. IMPACT
addresses the limitations of the case-study approach to mummified human
remains, contributes to the development of standards of practice in imaging of
mummified remains, and allows researchers and educators a greater
appreciation of, and engagement with, the variability present in the
mummification traditions of ancient Egypt and the other cultures that worked to
preserve their dead for eternity.

5.2 Current challenges and directions in mummy research

The mummies of ancient Egypt are among the best-documented
mummified human remains, and the valuable evidence they hold provides a
means by which to draw inferences about past deathways and the social history
of Egypt. Recent decades have brought tremendous technological
advancements to bear on the study of mummified remains, and these

	
  

	
  

254	
  

radiological, chemical, physical, genetic, and palaeoanatomical inquiries have
produced vast amounts of useful data. Limited access to these data and the
means by which to analyse them, however, has mired mummy studies in a highly
limiting case-study approach, a reliance on classical and modern stereotypes,
and a dearth of standards for data collection and reporting. This reliance on small
samples, stereotypes, and often incomparable data has limited our ability to
perform meaningful analyses of variability between and within mummification
traditions.

Case Studies v. Palaeoepidemiology
The detailed examination of mummies has illustrated changes in Egyptian
mortuary ritual over time, the interaction between social status and methods of
mummification, and the history of disease in ancient Egypt. Physicians and other
scientists have examined mummies using a variety of techniques, ranging from
thorough but destructive autopsies to non-destructive radiological imaging
studies. Despite a long history of study, however, mummy research has primarily
focused on case-by-case examinations of individual mummies, making it difficult
to identify patterns of interest within and between regions, time periods, and
social classes.
Access to large numbers of primary datasets is the principal issue at the
heart of this project. Early descriptions of mummies were, at best, detailed
descriptions of destructive unwrappings (e.g., Smith, 1906). However, the focus
of early studies was on the wrappings and artifacts they contained, rather than on
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the body itself, and remarks were often confined to the grossest and most basic
of observations. The lengthy descriptions of even the most astute mummy
researchers, in journals now no longer readily available, however, have often
been replaced with articles where column inches are at a premium; greatly
reduced in length, scope, and detail. To make matters worse, these articles are
spread across the grey literature (MA and PhD theses, field reports, etc.) and
across the publications of archaeology, anthropology, Egyptology, imaging,
radiology, ENT, cardiology, and other medical specialties. Such conditions hardly
lend themselves to comparative studies of any kind.
Additionally, mummy researchers find themselves greatly dependent upon
whatever literature they can access, as the alternative is to engage in costly,
time-intensive, and bureaucratically-limited visits to as many institutions as
possible to study mummies first-hand. The mass distribution of Egyptian
mummies to foreign private and museum collections in the colonial era has
scattered the mummies, of even a single site, to the four corners of the earth.
Again, this hardly represents an ideal set of research conditions.
The inspiration for this project comes from James Harris and Edward
Wente’s “An X-ray Atlas of the Royal Mummies”, published in 1980; from the
early 1970s works of the British scholar, P.H.K. Gray, who X-rayed 111
mummies in a comparative analysis of body positioning (Gray, 1972); and from
the extensive mummy tissue histological collection of the University of
Manchester’s Ancient Egyptian Mummy Tissue Database. Recent projects by the
authors (Nelson et al., 2007; Nelson, 2008a,b; Wade et al., 2011; Wade &
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Nelson, Submitted), emphasising the comparative approach, have highlighted
the current difficulty of obtaining access to comparable data and have provided
the seed for this project. Synthetic studies (Wade et al., 2011; Wade & Nelson,
Submitted), examining 125 and 150 examples of brain and organ treatment in the
literature, and 7 primary CT datasets available at the University of Western
Ontario, demonstrated unforeseen temporal trends, substantial variability that
had been largely unappreciated in the literature, and the significant difficulties
posed by incomplete and inconsistent data reporting. The project then became a
natural extension of the research program underway at The University of
Western Ontario into the use of non-destructive imaging techniques to examine
mummified and osteological material from archaeological contexts (e.g.,
Conlogue et al., 2004; Gardner et al., 2004; Friedman et al., 2011; Nelson et al.,
2011). The results of these studies underlined researchers’ needs for greater
access to original, high-resolution CT data and for more comprehensive
descriptions of the scans that currently exist.

Variability
Among the funerary treatments of the Egyptian mummies that have been
observed directly at the University of Western Ontario (Nelson et al., 2004, 2007;
Wade, 2011; Wade et al., 2011; Wade & Nelson, Submitted) there is great
variability, but, as noted, comparative data have been either unavailable or
inadequate.

	
  

	
  

257	
  
To a large extent, descriptions of the Egyptian mummification tradition in

the popular and academic literature are derived from accounts by classical
authors. Few modern studies of the mummification process fail to mention the
purported eyewitness account of mummification written by the Greek historian
Herodotus in the Late Period of Persian-occupied Egypt (490-480 BC), and his
account, along with those of Diodorus, Plutarch, and Porphyry (Appendix C),
represent the most complete descriptions of the Egyptian mummification tradition
in the ancient literature.
Reporting standards on mummification features are also highly variable,
and detailed descriptions have often been reduced to stereotyped categorisation
or have been simply unavailable. Even when present in the literature, the
reporting is often insufficient to the task of consistently populating detailed, largescale studies. The creation of the IMPACT database is intended to overcome
these stumbling blocks by making primary radiographic and provenience data, for
as many mummies as possible, readily available to interested scholars.
Studies of variability (technical, material, spatial, temporal, socio-political)
in ancient Egyptian mortuary practice and ideology are impeded by our reliance
on normative classical and modern descriptions, and by their influence on the
literature on which researchers are dependent. The IMPACT database permits
research programs to go beyond normative, literature-based and small-sample
case-study research, and, through detailed examinations of large samples of
primary data, engage with intrasocietal variability and its social, political, and
ideological implications in ways that were previously not possible.
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Standards
Comparative studies of mummification are further complicated by a
general lack of standards in data collection and reporting, by the use of
incompletely applicable osteological standards, and by changed and changing
standards in imaging data format. The study of mummification in ancient Egypt is
replete with imprecise and heterogeneous descriptions of the methods and
materials of mummification, as the format, extent, and nomenclature of mummy
studies has developed over several centuries, around the world, and has done so
to describe and study mummies that, themselves, vary dramatically from
environment to environment and from culture to culture. The result is sets of data
that have been extremely difficult to effectively and efficiently correlate and
analyse on a large scale (Pettit & Fildes, 1984, 1986; Meyer et al., 2007).
By way of example, terms related to resin have produced considerable
confusion in analysis of data from descriptions of Egyptian mummies. The term
resin, in Egyptian mummy studies, has been related to vegetable oils, turpentine,
and resins and to mineral oils, bitumen, and pitch. In early works particularly, the
strong association between mummies and the mumia bitumen once believed to
lend mummified flesh its blackened appearance has resulted in many accounts
of bitumen presence where it is not warranted. Aufderheide and colleagues
(1999) make note of another important terminology distinction in the description
of mummies; that is, their state of preservation, and Aufderheide and Allison
(1994) have suggested more quantitative indices of preservation: the percent
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bone preservation (BP), percent soft tissue preservation (STP), and soft tissue
index (STP/BP), which lend themselves well to comparison and statistical
analysis in a large-scale database.
Allison (2008) acknowledges that it is futile to strive for complete
objectivity for terminology, format, and methodology in archaeological data
collection, but that imprecise or analogous interpretation from the research of
others (textual sources in particular) perpetuates misconception and overinterpretation of archaeological data. This is especially true of the greatly
temporally-removed accounts of classical authors which, through imprecise
observations of technique and materials (Lucas, 1931; Leek, 1969; Pirsig &
Parsche, 1991; Colombini et al., 2000), have resulted in research biases related
to a variety of aspects of the mummification process, including transnasal
excerebration, evisceration per anum, and evisceration using resins and oils.
Although no standards have been explicitly defined for mummy studies,
Aufderheide (2003) has adapted and expanded a point of entry to
standardisation; a chart of mummification features, designed by Bertoldi and
Fornaciari (1997), for the dating of Egyptian mummies by mummification
technique. The WORD archaeology database, at the Museum of London, has
designated standards for collecting skeletal data for entry to their database
(Connell & Rauxloh, 2003) and other similar standards for skeletal data collection
exist in physical anthropology (e.g., Buikstra & Ubelaker, 1994). The IMPACT
context database draws from these resources, in addition to standards in
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archaeology and radiology, in order to standardise the descriptive data that
accompany each mummy.
Fortunately, data format standardisation, on the radiological side of a
mummy studies database, is largely solved by the existing industry standards in
radiology. The Digital Imaging and COmmunications in Medicine (DICOM)
standard permits the full functionality of images, from any model of scanner, in
any brand of PACS or postprocessing software (Clunie & Carrino, 2002). That
said, the industry has not reached complete accord and “even though each
vendor’s component may come with a DICOM conformance statement, they still
may not be compatible” (Huang, 2004:481-482). Consequently, standardisation
of data for any large-scale study (and within the database) to ensure operability
and interoperability, relies on third party software packages capable of flexibly
accessing and reformatting legacy, non-standard, and incompatible imaging data
for use in the PACS database. Once standardised and included in the IMPACT
database, however, the data are viewable and interactive, within the online
environment, for any researcher with an Internet connection.

Current Directions
The limitations in mummification reporting in the literature highlight the
need for more detailed and consistent, comprehensive descriptions of Egyptian
mummified human remains. Similar requirements have been called for in
Peruvian mummy studies (Dageford et al., 2009) and world mummy studies
generally, and the development of IMPACT has necessitated the development of
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standards for data collection and reporting in the scientific study of mummified
human remains.
Medical imaging, by non-destructively providing high resolution threedimensional views of mummified remains, has played an extremely important
role in mummy studies, and the imaging of mummies has been on the leading
edge of technological advances in the field. This is a critical point in time when
medical informatics technology is becoming highly refined, when many mummies
are being imaged, but when the fields of radiological technology and mummy
studies have yet to be brought together to form an integrated whole. The
development of the radiological mummy database will push the limits of current
imaging database technology and will advance the growing field of radiological
informatics. It will also facilitate medical biophysics research on optimal CT
scanning protocols for mummified remains, on dual energy image analysis
techniques in processing mummy images (e.g., Friedman et al., 2011), and on
CT, MR (see Ruhli et al., 2007), and fused CT/MR information to identify
materials used in the mummification process.

5.3 Overview

Medical imaging provides researchers with invaluable three-dimensional
information about the internal structures and bone densities of skeletons and
associated desiccated material from mummified remains. Completely nondestructive, CT and MR scans allow the researcher to digitally dissect the
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remains for repeated virtual assessment of mummification techniques,
pathological conditions, and musculoskeletal stress markers. However, the data
files for full body scans are impractically large for rapid assessment and data
sharing. In the past these data have been formatted under a variety of proprietary
standards, recently coordinated under an industry standard for medical imaging
(DICOM), that are not fully compatible with most image examination and
manipulation programs. Consequently, a radiological mummy database must be
similar in nature to systems currently in use by clinics, hospitals, and medical
schools.
Online access to radiological datasets in this manner would reduce the
need for expensive, risky, and often politically infeasible transportation of fragile
mummified remains while providing researchers with meaningful sample sizes. A
powerful, modern Internet-accessible database facilitates large-scale,
comparative studies of data (which would be otherwise inaccessible or lost to
media degradation or obsolescence). These ideals are supported by professional
associations such as the American Association of Physical Anthropology, the
Society for American Archaeology, and the Society for Historical Archaeology
(Kintigh, 2006).

What is IMPACT?
IMPACT is an Internet-based mummy radiology database that is
populated by contributions of data from participating institutions, and is to be
accessible to qualified scholars throughout the world. This database will enable,
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for the first time, truly comparative research in mummy studies. The heart of the
database is a server where the data will reside, running the ClearCanvas PACS
Team Edition (see http://www.clearcanvas.ca/dnn/Products/PACSTeamEdition/
tabid/280/Default.aspx and http://www.youtube.com/watch?v=WAwoKM6zrnM)
with online access through its WebStation software. A PACS (Picture Archive
Communication System) is a database software package that is dedicated to the
management of radiographic images in DICOM format. The WebStation software
is a thin client system, where the data reside on the server and are not
distributed to the user. Rather, the ClearCanvas PACS has extensive
functionality to allow the user to interact with the data and to examine X-rays and
CT slices, make measurements (3D modelling scheduled for 2012) and so on,
and to save the graphic output, leaving the primary data intact (http://www.
youtube.com/watch?v=NMLIUxkI3z4). Furthermore, this system is designed to
protect clinical patients’ data and has security features to prevent unauthorised
access, further ensuring the integrity of the data (see below for a discussion of
intellectual property).
This project represents an exciting new tool for mummy studies, as it will
be the only widely accessible database of radiographic images of mummies in
the world. To date, solicitations have resulted in contribution offers of X-rays and
CT scans by 49 institutions, in North America, Europe, Australia, and Africa,
representing more than 250 Egyptian human and animal mummies. IMPACT has
been developed to include multiple opinions on observed details, extensive
annotation and documentation, and the capacity to refer to other databases (e.g.,
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Manchester Mummy Tissue Database, Global Egyptian Museum artifact
collection, Egyptian Mummies in North America database, future DNA and
isotopic databases, etc.) should their administrators wish to collaborate with
IMPACT.

PACS
A Picture Archiving and Communication System, or PACS, is a network of
hardware and software designed to acquire and communicate image data from
scanning modalities. Along with software modules designed for image
postprocessing and hardware capable of high-end graphics display, PACS is
now the primary method for healthcare facilities to archive, retrieve, and
distribute radiographic information both within the hospital or clinic and outside to
teleradiology consultants.
The PACS itself “consists of image and data acquisition, storage, and
display subsystems integrated by digital networks and application software”
(Huang, 2004:155). Raw image data are acquired from the imaging modality and
processed while ensuring the resulting datasets’ compliance with DICOM
standards (Huang, 2004). The DICOM formatted images are then forwarded to a
database server, running PACS software for image transfer and review, coupled
to an image and data archive system that allows for short term, long term, and/or
permanent storage of imaging data. The final basic PACS component, the
display workstation, is a computer capable of high-end graphics display
connected to the communication network. In the case of the Internet-based
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ClearCanvas PACS, the data acquisition is part of the infrastructure of each
hospital performing imaging studies; the PACS controller and archive are the
online responsibility of IMPACT; and the display workstation may be any
computer connected to the Internet and logged on to the PACS.
In order to ensure system integrity, data consistency, and interoperability,
the PACS takes advantage of industry standards at all levels. These include
standard platform and platform-independent operating systems, SQL for
database searches, XML for communication on the World Wide Web, ASCII text
representation, the DICOM image format, the TCP/IP, DICOM, and JPEG2000
communication protocols, and the HL7 (Health Level 7) standard for transmission
of patient vital information (Huang, 2004; Krishnan et al., 2005).
The ClearCanvas PACS includes Internet-based access to the database,
protected by account and password security, which allows rapid viewing and
processing of large radiological studies over a range of connection speeds and
does so without the information being stored on the user’s hardware. The
ClearCanvas WebStation is a thin-client server, so the scan data remain safely
on the server, while the user sees a graphical representation of it without
downloading the original data. This protects the data and the intellectual property
rights of the contributor, in addition to saving the user from requiring specialised
visualisation software or large amounts of their own storage space.
Digital and radiographic image databases based on PACS have also been
used in a bioarchaeological context for rapid comparison of cranial features in CT
scans to images of recovered facial features from human remains and ash casts
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at Pompeii (Abate et al., 2001) and for cataloguing the collections of the Chicago
Field Museum (The Field Museum, 2008).

Context Database
IMPACT will include, in addition to the PACS and its radiographic
datasets, a parallel, publicly accessible SQL database (http://impactdb.uwo.ca/
IMPACTdb/Context_db.html) intended to provide the necessary background on
holdings, and supplementary studies to develop a research application. It will
include information about the provenience, dating, mummification features,
metric and nonmetric testing, damage, restorations, and associated artifacts, as
well as metadata on the imaging studies.
The context SQL database, hosted on the University of Western Ontario
servers (impactdb.uwo.ca) and interfaced through custom searches and reports
online, is accessible to all and may serve as a useful teaching tool in addition to
fulfilling research objectives. The relational database is designed to be highly
searchable and documentation of the database’s architecture and content will be
available to assist with complex queries.

IMPACT Wiki
Both the radiological and context databases will continue to expand and
evolve with the addition of new contributions (including database-generated
research results remitted to the database by users), the development of new
technologies to study mummified human remains, and additional information
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obtained about their context. In order to keep the research community informed
and actively involved in the development of the mummy studies database, there
must exist a means by which they can be informed of updates, inform the
database and the community of contentious data within the database, and
provide the database with feedback on the community’s, contributors’ and
researchers’ needs.
One such option for communication between the database and the
mummy studies community is the Wiki, or quick web, on which announcements,
comments, discussions, and requests can be made (cf. Webmoor, 2008). A
Neanderthal database (NESPOS) already operates entirely as a Wiki, with
approved users directly uploading data and comments (Groning et al., 2005).
The IMPACT Wiki (http://impactdb.wikispaces.com) is a collaborative tool,
to assist with development of the website and the context and PACS databases,
and to support ongoing discourse in the mummy studies community. The
IMPACT Wiki is accessible to all, and registered users are welcome to contribute
to any discussions on it. Employing a user approval process, the Wiki
administrator “may tailor this interactive functionality by requiring passwords to
edit, view pages, or post comments, but the latent, technical capacity to allow
radical participation remains” (Webmoor, 2008:193).

Oversight
IMPACT has been organised around the concept of an advisory panel that
will determine the access rights of researchers who apply to use the radiological
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side of the database. Access to the PACS, for licensing and data security issues,
is limited to those users approved by the IMPACT oversight committee, currently
comprised of Andrew Nelson (University of Western Ontario), Jerome Cybulski
(Canadian Museum of Civilization), Gerald Conlogue (Quinnipiac University), and
Randall Thompson (St. Luke’s Mid America Heart Institute).
Researchers seeking access to primary data on the IMPACT PACS will
apply to the oversight committee, by outlining a clear scientific proposal that
includes:
•

a clear research question

•

background information establishing their legitimacy as scholars,

•

a complete list of the datasets that they wish to access
(selected using the context database), and

•

a timeline for the completion of the research.

The SQL context database is intended to provide the necessary background on
imaging holdings and supplementary studies to develop a research application to
the committee.
The oversight committee will assess the proposals and will either
communicate with the originating institutions, or the originating institutions will
empower the committee to act as an agent on their behalf (to be determined at
the point of crafting the original agreement between the copyright holder and
Western). Beyond scheduling access to available resources, the advisory panel
is entrusted to act as gatekeeper against misuse by encouraging research
access for projects intended for peer-review. In the interest of transparency,
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IMPACT will conduct an annual review of the findings of the oversight committee,
to be made publicly available online through the website or wiki.

5.4 Purpose & Benefits

The development of an Internet-accessible, large-scale mummy studies
database contributes to the field’s ability to perform meaningful, populationbased, comparative studies of mummification and the cultures that engaged in
this practice. In addition to advancing the field, there are substantial benefits to
the contributors, researchers, and public in the development of such a resource.
Contributors benefit from streamlined access, enhanced storage, and
wider exposure through the database. By having their data on IMPACT, the
originating institutions can greatly streamline researchers’ requests for access to
the data; reducing demands on the time of institution staff. Imaging data files can
be extremely large, and require specialised software and hardware to
accommodate efficient access. The IMPACT system is designed with large
amounts of data storage, efficient access from any computer with Internet
access, and it provides specialised online software for manipulation of imaging
datasets. Additionally, the wide exposure, and indeed the power, of a database
of this nature serves as a rationale for new and continued application of
radiological and other non-destructive technologies to the study of mummies in
the future.
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Research
The most obvious benefit of the online database to the researcher is the
direct reduction in time and real costs involved in travel, software, and
background research. Direct access to numerous mummy datasets, pre-selected
for their applicability to the research question at hand, can be accessed online
without the need for, or concern for compatibility with, specialised software.
Background research on each mummy is also expedited, through the context
data and documentation.
Just as important is the increased ability of researchers to collaborate,
through contemporaneous access. Precise, reproducible, and comparable
measurements, even of features that can only be measured virtually, can be
exchanged and contribute further to the ability of researchers to work together.
The database includes extensive documentation and annotation, a structure that
allows it to refer to other databases, and that allows for the possibility of multiple
interpretations. For example, multiple radiographic identifications of an organ, an
excerebration technique, or a body cavity packing material can be included in the
mummy’s file for future consideration, debate, and testing.

Education
The context database is also a valuable teaching tool. With anatomical
and mummification data readily available for teaching and student research
opportunities, students at a variety of education levels will be able to interact with
real data. The radiographic settings of studies in a variety of modalities will also
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be available for familiarisation, of researchers, clinicians, and radiography
technologists, with the specialised needs of mummy radiology.
Just as radiologists develop their skill at recognising normal variations and
pathological abnormalities by viewing hundreds and thousands of radiographs
from a wide range of patients, so too must the palaeoradiologist have similar
experience. The IMPACT database offers an opportunity, that goes beyond the
study of basic human anatomy, by including scans of a wide variety of
mummification features and suites of features not seen in radiographic series
from modern, live, and untreated bodies.

Cultural Heritage
The fragile nature of millennia-old mummified human remains is a serious
concern for those entrusted with their preservation, and one that is largely
addressed through the application of non-destructive medical imaging
technologies to their digital preservation and examination. However, just as the
remains themselves must be protected against the ravages of time, so must the
imaging datasets through which they are studied.
The digital study of mummification is several decades old, and the media
on which such data are stored has progressed rapidly in that time. There is
substantial concern in archaeology and other fields for the loss of research data
“due to discard (paper & digital) [;] media degradation (digital) [;] software &
media obsolescence (digital) [; and] lack of adequate metadata (paper & digital)”
(tDAR, 2008:Outline). Such losses have been encountered on several occasions
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already in the solicitation of datasets from museums around the world.
Preventing the loss of legacy data (e.g., pre-DICOM) and media (e.g., 9-track
tapes, 5.25” floppy disks) is another area in which a mummy studies database
can make a substantial contribution. IMPACT incorporates specialised software
to update data to current formats and future data developments.

5.5 Intellectual Property

Digital databases, for the very reasons that they are a valuable tool in
research (i.e., large, broad-based, searchable repositories), are more difficult
than manual databases to protect from misuse and duplication (Langenderfer &
Kopp, 2003). Duplication and transmission of digital information is currently
cheap, efficient, and nearly effortless, and legislation to protect data has been
balanced against the need for the same inexpensive and effective data sharing
capabilities that give value to the digitisation of data (Langenderfer & Kopp,
2003). The digitisation of data has been essential in the protection of research
against the degradation and obsolescence discussed above, and has been
considered an essential part of preservation of the archaeological record (Kintigh
et al., 2008; cf. SAA, 1996).
Naturally, “archaeologists are used to being very careful with their data
and interpretations, and they grant great importance to the protection of their
research” (Meyer et al., 2007:410). This is particularly true of the original, often
expensively-attained, radiological data that are essential to the mummy studies
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database. As the radiological side of the database is designed for use in hospital
settings, where personal information is closely protected, the PACS incorporates
access control and data protection into its Internet-based interface.
Additionally, the information accessed online is provided using a thin-client
Internet interface, in which the accessed data remain on the home server and are
only displayed graphically in the user’s interface. This burdens the home server
with a greater computational load, but allows the information to be accessible on
any computer connected to the Internet without the need for a specific operating
system or additional software on the user’s end. Only the Microsoft Silverlight
browser plug-in is required to access the ClearCanvas WebStation. As only
images (and case-by-case measurements requested of the server) are delivered
to the user, the raw data that require protection as intellectual property of the
contributing institution or researcher is never resident on the user’s hardware.
Concern for the protection of not simply the data, but the contributor’s
ownership of the data, has necessitated the development of formal, copyrightbased license agreements (Appendix E), offering the most protection for both the
contributors and the database. It is possible that the institution and the individual
who led the individual imaging projects may share copyright. This will need to be
clearly established on a case-by-case basis, and the contributor will be
responsible for ensuring that intellectual property rights are respected. The
copyright holder and the University of Western Ontario will undertake an
agreement that warrants and represents data ownership (copyright) and allows
Western under a license agreement to host the data on the IMPACT server.
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In the event that ownership rights are contested, the contributor and

contesting party will be responsible for resolving the issue. Until such time as
ownership is resolved, Western will suspend access to the contested data or
remove the data from the IMPACT server, in whole or in part. Contributors may
also request an access restriction be placed on datasets, in whole or in part, with
access and reproduction rights provided on the approval of the contributor or the
oversight committee.
While the datasets themselves represent the intellectual property of the
contributor, the intent of the database is to facilitate research based on large
samples, and the data must be free from exclusionary or proprietary rights to
study and restudy. The measurements, observations, and results of studies are
acknowledged as the value-added property of the researcher using the database,
property that the researcher would be strongly encouraged to submit to the
database following use (e.g., publication), but would not represent grounds to
restrict future study of the same dataset using the same methods.

5.6 The Future of IMPACT

The production, analysis, and evolution of the database’s content and
meta-content realises, to some extent, McLuhan’s profound insight that “the
medium is the message” (1964:7; Gray et al., 2000) by allowing researchers to
better understand the ways in which they go about studying mummies,
mummification, and the ways in which this information is consumed by
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academics and the public. Such an understanding is important, as powerful
database management tools allow the development of database systems that are
unconstrained by the experience, time, and travel requirements imposed by
manual systems of the past; constraints that must not be perpetuated ignorantly
or unnecessarily (Burnard, 1991).
The engagement of the mummy studies community will be fundamental to
the long-term development of data and metadata standards, especially
considering the wondrous variety of mummification techniques that have
produced mummified human (and animal) remains over the past ten millennia
worldwide. The Wiki, designed as a forum for open collaboration, will be a
valuable asset in the evolution and expansion of the mummy studies database.
The mummy studies database will best serve its purpose as a valuable, largescale, repository and analytical platform for mummy studies by, initially, being
based on existing archaeological, bioarchaeological, and radiological standards
and, in the future, manipulating and adapting those standards to fit the needs of
the diverse and wide-spread community of mummy researchers, anthropology
students, and mummy-fascinated public.

5.7 Conclusion
A comparative approach to mummy studies has previously been
extremely challenging, as individual mummies are housed in institutions all over
the world, making access quite difficult. The research value, heritage
preservation potential, and wide accessibility, therefore, make the IMPACT
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database valuable in meeting the needs of researchers, educators, cultural
heritage managers, and the interested public.
IMPACT focusses on the body, made artifact through cultural or natural
intervention, in bioarchaeology, epidemiology, and social archaeology studies of
past human societies and their genetic and cultural descendents. The studies
facilitated by the database will move mummy studies from a case-study approach
to a large-scale, comparative approach focused on variability in the funerary
treatment of mummies, the social and cultural attitudes they imply, and patterns
of health and disease.
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It would, perhaps, have been a good thing for the subject of embalming if
Herodotus had never given his description of the methods of the performance of
the operations: and it would certainly have tended to make the writings of
subsequent authors more interesting. – Smith & Wood-Jones, 1910:194.

6.1 Contributions

The IMPACT Radiological Mummy Database is a large-scale, multiinstitutional collaborative research project devoted to the scientific study of
mummified remains, and the mummification traditions that produced them,
through non-destructive medical imaging technologies, such as radiological,
magnetic resonance, and terahertz imaging. Non-destructive imaging has played
an extremely important role in mummy studies and the imaging of mummies has
been, and remains, on the leading edge of technological advances. IMPACT
focusses on the body made artifact through cultural or natural intervention, in
bioarchaeology, epidemiology, and social archaeology studies of past human
societies and their genetic and cultural descendents.
Despite a long history of study, however, mummy research has primarily
focussed on case-by-case examinations of individual mummies, making it difficult
to identify patterns within and between time periods, regions, and socio-cultural
identities. Mummified human remains contain a vast amount of information
regarding disease processes in the past (Allam et al., 2009; Zweiffel et al., 2009),
and there is great variability in mummification techniques in the Egyptian
mummies that have been observed directly at the University of Western Ontario
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(Nelson et al., 2004, 2007; Chapter 3 - Wade et al., 2011; Chapter 4 - Wade &
Nelson, Submitted), but comparative data have been either unavailable or
inadequate. Previously, a comparative approach has been extremely difficult,
given that mummies are housed in museums spread all over the world. However,
recent developments in radiological informatics, specifically the development of
the PACS, have provided an ideal technology for the purposes of storing,
processing, and sharing radiographic images and full-body scans in their industry
standard DICOM format. The PACS is designed specifically to handle large
volumes of information in this specialised medical imaging format, where other
databases are not.
Access to large numbers of primary datasets is the principal issue at the
heart of the IMPACT Radiological Mummy Database Project. The creation of the
IMPACT database is intended to overcome current obstacles by making primary
radiographic and provenience data, for as many mummies as possible, readily
available to interested scholars. IMPACT establishes, for the first time, a large
collaborative database of mummy images and data, moving the anthropological
and medical study of mummies from the “case study” approach, where individual
mummies are X-rayed or computed tomography (CT) scanned in isolation, into a
broader comparative realm where hypothesis-driven and evidence-based
research become possible thanks to ready access to large numbers of studies.
This is a critical time for mummy studies where PACS technology is becoming
highly refined, where many mummies are being CT scanned, but where the fields
of radiological informatics and mummy studies have yet to be brought together to
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form an integrated whole. This resource and its research programs will have
relevance to the fields of anthropology, palaeopathology, demography,
Egyptology, the history of medicine, archaeology, museology, and forensic
sciences, as well as medical biophysics, medical informatics, and image
processing. As IMPACT is populated with imaging studies of mummies from
other cultures, it may serve too as mumy studies’ answer to the Krough Principle
(Krough, 1929; Krebbs, 1975) by providing access to mummies ideal for
answering particular questions about mummification technique and significance.
The current line of inquiry employs the IMPACT mummy database to
examine the evolution of the excerebration and evisceration features of the
ancient Egyptian mummification tradition and the social and political factors
influencing their variation over time, space, sex, and social status. These are
investigated through the apparent origins, temporo-spatial trends, and status
associations among the mummies reported in the literature and in the IMPACT
database, and the findings demonstrate substantial variability and the problems
inherent in the classical generalisations. Features of the embalming traditions,
specifically the variable excerebration and evisceration traditions, represented
the Egyptian view of death; one of transition to a second, potentially more
enjoyable, life. The mummification and funerary rituals were a transformative
process, making the deceased a pure being; free of disease, injury, and
disfigurements, as well as ethical and moral impurities.
In the beginning, the desert made a mummy of nearly anyone buried in
the sand. The adoption of the tomb, however, restricted mummification to those
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with the rights to be artificially preserved. While natural mummies do occur
throughout the rest of Egyptian history, the overwhelming desire for Egyptians
was to be buried in a tomb. We do not see commoners eschewing the tomb in
order to ensure that the desert preserved their body. The tomb secured an
afterlife where the body was at least partially preserved, the name was
immortalised, and the family and friends could offer food and drink on a regular
basis.
The features of mummification available to specific classes of individuals,
at particular points in history appear to represent an assurance that the elite
could retain preferential entry to the afterlife, as they can afford to be purified,
protected, and directed by more extensive and expensive processes, materials,
and rituals. These mummification features, and the osteobiographies of the
individuals possessing them, are richly varied and their significance to the
ancient Egyptians demands more attention. The benefits of mummification were
a more full and powerful afterlife with a greater ability to enjoy the good things in
life through the preserved organs and body; an afterlife initially reserved for the
pharaoh and the other elite. Mummification is a purification and reassembly of
the person of the deceased – metaphorical and magical, following the Osiris
story through which it occurred in the past – and a more complete reconfiguration
may be the right only of the elite.
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6.2 Embodied Identity

In treating the body as artifact, there is a tendency to attribute to it a
passive role, the focus of normative forces defining monolithic social categories
(Meskell, 2000). Corporate groups defined by sex, age, status, and so on (e.g.,
males, elites, children) exist as part of shared views of “internal sameness of the
self and the sharing of characteristics with others in a group whose structure,
circuitously, constitutes the social world within which individual identity is created”
(Fisher & Loren, 2003:226). These categories lend themselves to the
archaeological study of human remains, where the individual lives that form
corporate groups are not immediately or completely accessible. The goal of this
study is not to permanently frame Egyptian mortuary ritual in rigid or abstract
categories, but to provide an inroad towards breaking up the monolith into
smaller and smaller parts until the life of the individual becomes the unit of
measure and their complex, changing society becomes the primary object of
inquiry.
Taking the body and its manipulations as the unit of measure here, it is
possible to examine the interaction of religious ritual, identity categories defined
by status and sex, and the major social and political transitions experienced by
those participating in the formation of individual mortuary rituals. These
interactions result in the materialisation of broadly shared values and norms
(DeMarrais et al., 1996) and, in the case of much of Egyptian mummification, the
materialisation of the pure and enduring order ma’at. Lesure emphasises the
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importance of human representations in the archaeological contribution to
embodied identity, as providing “tantalizing views from ‘within’—opportunities to
glimpse how ancient people represented themselves to themselves” (2005:238).
Mummies, as human and divine representations using human bodies
themselves, offer a potent source of information about the representation of
identity and its engagement, resistance, and manipulation of the society in which
the deceased lived.

6.3 Drivers of Change

Rituals and the materialisation of mortuary and religious belief provide “an
ongoing arena for competition, control of meaning, and the negotiation of power
relationships” (De Marrais et al., 1996:16). From Geertz’s (1973) argument that
parts of a symbolic ritual system can inform our understanding of other parts,
particularly where written sources are available for religious symbolism (Fogelin,
2007), our understanding can include the social and political parts and the active
construction and manipulation of those parts by social actors (e.g. Wade et al.,
Submitted). Such construction and manipulation of ideology and society is the
product of a variety of social categories, and need not occur in collusion but can
exist in opposition to each other (DeMarrais et al., 1996). That symbols and
rituals may be appropriated, to legitimise, emphasise, and reinforce the place of
an individual or group in society, is cause to ask By whom have the ritual
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materialisations produced in mummification been used?, and Who is driving this
behaviour?
In the case of the ancient Egyptians, throughout most of their history, the
obvious answer would seem to be that the elite were responsible for the
evolution of the mummification tradition. The earliest artificial mummies are those
of the pharaohs and appear on their surface to represent vanity and selfaggrandisement by the ruling class. Even when commoners were later permitted
the privilege of mummification, they were not receiving the same treatment as the
elite. The possibly surreptitious nature of heart removal, in particular, would seem
to imply that mummification’s evolution was largely elite-controlled, if not elitedriven.
However, the very fact that commoners were permitted to be mummified,
and in massive numbers by the end of its practice, implies increased influence in
their hands. The Old Kingdom underworld maps, Middle Kingdom judgment, and
New Kingdom heart weighing themes appear to be responses to the growing
democratisation of the afterlife and mummification, keeping the elite one step
ahead of their subjects, with more and better ways to ensure their passage.
Novel rituals, such as the weighing of the heart (materialised in the presence or
absence of the heart?), may have begun as a response to the increasing
democratisation of mummification and ensured that the elite retained preferential
entry to the afterlife, as they could afford to be purified, protected, and directed
by more extensive and expensive funerary spells, materials, and processes.
Alternatively, such an increased need for exclusionary concepts, and the

	
  

	
  

291	
  

consequent elite application of funerary transitional aids, such as heart scarabs,
incision plates, Books of the Dead, etc., may be indicative of a sense of less
stability and greater danger in life and, consequently, a greater hazard in passing
to the afterlife. It is also unclear if these elaborations were the product of a sort of
spiritual arms race, or of a need of the people for a sense of permanence in the
event of their god-king’s death. Did the increased need for ritual, judgment, and
material embellishment glorify the pharaoh or constrain him to an increasing
imposition of accountability and justice?
Without belabouring motives that are too distant to adequately perceive
with the data at hand, it appears that the elite of ancient Egypt were increasingly
in need of ways to differentiate their afterlife from those that they ruled and, later,
from the foreigners by whom they were ruled. The elaboration of mummification
and the status and geographic distributions of mummification potentially reflect
increases, decreases, and returns to centralised power, particularly surrounding
the First Intermediate Period, when the greater democratisation of the afterlife
may represent the king’s acquiescence to the political reality of strong provincial
leadership within his kingdom. Changing moral ideology and military roles may
have elicited similar changes through the Second Intermediate and Amarna
Periods. The rule of Egypt by foreign powers further necessitated the trend, as
the native Egyptian elite needed to validate their elite status in the light of their
own subordination.
In spite of substantial external political influences over the course of
Egypt’s history, change in Egyptian mortuary traditions appear to have been
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more greatly driven by internal sociopolitical factors than by external ones. In the
farthest origins of the Egyptian concept of the afterlife there may be a common
concept relating it to Mesopotamian notions of the afterlife, but at great temporal
distance and not influencing one another’s concepts contemporaneously
(Penglase, 1995). The native and foreign rulers of Egypt often drew from the rich
history of Egypt’s past for archaisms serving to frame the ruling group in the
power belonging to the traditional god-kings of Egypt. Egypt’s first foreign rulers,
the Hyksos, became so Egyptianised that their worship turned to the Egyptian
god Seth, sanitised of the crime of Osiris’ death (Gardiner, 1961). The Hyksos’
writing system was the same hieroglyphic text that the native pharaohs
employed, and their names were routinely compounded with Re’s name
(Gardiner, 1961). The later Kushite rulers, already heavily Egyptianised by
millennia of colonisation, drew very heavily on the Old Kingdom and Middle
Kingdom past for archaisms to legitimate their rule (Taylor, 2000; Tait, 2003).
Arguments have been made for Greece’s Elysium as a derivation of the Egyptian
Field of Reeds (Alford, 1991), and for Mycenae and Israel adopting aspects of
Egyptian mummification (Griffith, 2008). Egypt exported the cults of Isis, Serapis,
and Harpocrates, the symbology of which would later have a profound effect on
the Christian trinity, to Greece, Rome, and the furthest extents of the Roman
Empire (Gardiner 1961; Starr, 1991). Toynbee (1971) notes at least eleven cases
of Egyptian-style mummification located in rest of the Roman Empire, even as far
away as Gaul, likely performed by local or expatriate priests of the Egyptian cults.
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If the people of Egypt were reticent to shed old trappings in the face of a

religious conversion by their own pharaoh, it is unlikely that they would be more
dramatically moved to significant adaptation or conversion by foreign rulers and
trading partners. Even the most powerful of external pre-Christian influences,
Hellenisation and Romanisation, made little more than cosmetic contributions to
the mummification tradition (cf. Fleming et al., 1980), and it is likely that the
Greeks and Romans came away from their exchange with this millennia old
culture the more changed.

6.4 Pharaoh’s Privilege

The rich archaeological record of ancient Egypt, and the data from the
studies conducted herein, demonstrate that the features and privileges apparent
in the mummies examined overwhelmingly began first with the pharaoh. Even the
pharaoh’s afterlife itself was not restricted to a single conception, but to a
syncretic variety of past conceptions, while the commoner’s afterlife lagged
behind in importance. The Pyramid Texts convey information about an old
underworld, Earu, and an improved immortal afterlife superior to existence in
Earu (Reisner, 1911). Throughout the Old Kingdom, the pharaoh was also
expected to experience a celestial afterlife, immaterially transmitted to join the
unchanging circumpolar stars (Faulkner, 1969; Spencer, 1982). In Utterance 463
of the Pyramid Texts this celestial afterlife is even seen as being in opposition to
the newer (Grajetsky, 2003) Osirian tradition, and the pharaoh is exhorted to
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“never surrender himself to Horus of the Netherworld” (Faulkner, 1969:155).
However, with time and the spiritually egalitarianising influence of the Osirian
faith, eventually the common people were using coffins depicting Nut and the
night sky in hopes of joining their kings among the stars (Griffiths, 1980).
Embalming rituals, funerary texts, architecture, art, and other skills served the
pharaoh first (Reisner, 1911), then his noble family and officials (Niwinski, 1989),
and finally the remainder of society capable of affording their application (Smith &
Dawson, 1924; Strouhal, 1995; Lichtheim, 2006), resulting in a wide range of
variability and quality.

6.5 Evisceration and Excerebration

Different, even oppositional, afterlives are consistent with much of Egypt’s
syncretic ideology (Meskell, 1999), and this ideational duality or multiplicity may
play a significant role in the evisceration and excerebration features of
mummification. The partial, but considerable, disassembly of the corpse to
ensure its eternal coherence and preservation, and the disjointed metaphorical
and anatomical understandings of the heart (Lekov, 2004; Assmann, 2005), are
prime examples of this sort of duality. The importance, and yet apparent loss, of
the heart is an intriguing duality that demands further study, with respect to its
timing and associations with identity. Other less frequent, but no less surprising,
features such as the application of abdominal incision plates in cases of
transperineal evisceration (Wade et al., Submitted) deserve a closer look.
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The findings of the synthetic and IMPACT studies demonstrate some of

the wide variability ignored in monolithic pan-Egyptian stereotypes, stemming
from the classical accounts of Herodotus and Diodorus and perpetuated in the
modern literature. The primary data begin to paint a picture that is much more
complex, much richer, than these stereotypes convey, and allow us to recognise
and organise the variability that is present. Excerebration, in particular, may be
an important feature for examining the purifying/curative nature of the
mummification process, and remains linked to socio-political transitions. Even
once the physiological importance of the brain began to be understood in the
Greek and Roman Periods, excerebration was at its most prevalent, perhaps as
one of the many unique expressions of Egyptian identity necessary in these
periods of increased foreign rule.
These studies contribute to our understanding of the Egyptian view of
death as one of transition to a second, potentially more enjoyable, life facilitated
by embalming practices and funerary rituals. The body (sah) and souls (ba, ka,
akh) were made perfect through these practices for the deceased’s long afterlife,
until the eventual final death when the sah and the name (ren) had succumbed to
time. The various Books of the Dead are replete with spells that assert the
physical and moral purity of the deceased. While it is difficult to believe that a
person could pass their whole life without making someone cry, this is one of the
42 negative confessions in Book of the Dead Spell 125 that, if false, would weigh
down the deceased’s heart in judgment and condemn them to eternal
nothingness. The mortuary spells asserted truth and cleansed the soul in its
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transfiguration, in the same way that the embalmer made beautiful and
permanent the body. The mummification and funerary rituals were transformative
processes, making the deceased a pure being free of disease, injury, and
disfigurements, as well as ethical/moral impurities. Death was not seen as an
end of one life, but the point at which it continued under ideal conditions that
were ruled by the eternal order, ma’at, rather than by the chaos of
impermanence.

6.6 Conclusion

Far from perpetuating monolithic stereotypes, this study has demonstrated
the potential for much finer-grain examinations of ancient Egyptian culture and
society, both central to the high Egyptian ideal and on its peripheries, through the
mummification tradition. Although generalising strategies are employed here,
they are contextualised to the extent that is possible from our current corpus of
knowledge. The intent here is to work from the ‘smooth’ to the ‘rough’, from
cultures to social categories to individuals and back to the context in which those
individuals lived their lives.
This study asks social mortuary archaeology questions of a population of
human remains that have been treated in a manner that allows us to extract
novel information about ancient Egyptian mortuary, sociopolitical, and ideological
trends. Through empirical testing of monolithic pan-Egyptian stereotypes, and
through large-scale, detailed observation of the variability of Egyptian
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mummification over social, temporal, and geographic dimensions, we can access
the variations in the rituals that allow us to perform meaningful social mortuary
studies of this ancient civilisation.
Located at the crossroads of North Africa and the Mediterranean, the
Egyptians influenced and were, in turn, influenced by the Sumerians, Hittites,
Babylonians, Persians, Greeks, Romans and many other cultures. Thus, ancient
Egypt lies at the root of the tree of cultures that has grown to become the rich
canopy of modern societies in Europe, Africa, the Middle East, and South Asia.
The study of mummification in ancient Egypt informs our understanding of the
inevitable end of the human life course, and what that mortal end meant to a
people who held an important place in the development of the ancient and
modern Western world.
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Appendix A – Egyptian Chronology
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Reconstruction of the chronology of ancient Egypt has been largely

reliant on several classical authors and a handful of Egyptian papyri and tables,
confirmed where possible by monumental inscriptions attributed to the kings
mentioned in these sources. Prior to the 26th Dynasty, when Egyptian history
becomes securely joined to Greek (e.g., Herodotus’ Histories) and Biblical
history, much of the chronology of Egypt is imprecise and remains debated.
Although Herodotus describes the Egyptians as “devoting themselves, as they
do, far more than any other people in the world, to the preservation of the
memory of past actions, [and] are the best skilled in history of any men that I
have ever met” (2009[c.440BC]: Book II, para. 77), there remains difficulty in
deriving an accurate and precise history from their writings.
The Ptolemaic historian Manetho is credited with the division of Egyptian
history into thirty-one royal dynasties from Menes to Alexander, which, by
modern convention, are divided into the Late and Ptolemaic Periods and the Old,
Middle, and New Kingdoms separated by decentralised Intermediate Periods
(Shaw, 2000). However, Manetho’s chronicle of the Egyptian kings was written at
several millennia removed from the earliest dynasties it describes, and was
transmitted only in fragments through the writings of the Jewish historian
Josephus (c. AD 70) and the Christian chronographers Sextus Julius Africanus
(3rd century AD) and Eusebius (4th century AD), the latter two themselves
transmitted largely by the 9th century monk Syncellus (Gardiner, 1961; Kuhrt,
1997). Their accounts of the Egyptian kings consist, for the most part, of names
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and lengths of reigns, but frequently depart from one another in the number of
kings in a given dynasty and the dynasty’s length.
These accounts are supplemented by New Kingdom papyri and stone
king-lists, the most important of which are the Ramesside hieratic papyrus, the
Turin Canon of Kings; the tomb and temple inscriptions, the Tables of Abydos,
Saqqara, and Karnak; and the Old Kingdom Palermo Stone, part of the Royal
Annals (Gardiner, 1961). In spite of their assistance as multiple lines of evidence,
they are often limited by damage and disagreement, and no king-lists exist for
Egypt beyond the rule of Ramesses II (Kuhrt, 1997). The Saqqara tablet, for
instance, ends with Ramesses II, and only begins at the First Dynasty king
Anedjib, the sixth king of that dynasty; possibly even representing a tradition of
disagreement over the authority of the first five pharaohs by the people of Lower
Egypt (Kuhrt, 1997).
Naturally, the organisation of chronology along political lines, where the
merging of ritual, myth, and political reality were essential to pharaonic rule, does
not always agree with the archaeological record (Shaw, 2000). Kemp has
described Manetho’s account, grouping unrelated kings into single dynasties and
ignoring chaotic arrangements of coregency, as bringing “a spurious tidiness to
periods of history where a degree of complexity, even of disorder, prevailed”
(2006:153). Certainly, the overwhelming Egyptian concern with the rule of order,
ma’at, may have played a large part in this tidying of the past, so that the rule of
the pharaohs might appear as an uninterrupted connection with an ideal
universal order; unfortunately promoting “idealised stereotypes that effectively
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mask the realities of often profound change…[and] substantial upheavals” (Kuhrt,
1997:125).
Corroboration of the information provided by the king-lists is made more
difficult by the scarcity of royal monuments dating from the under-documented
Intermediate Periods, and by the imprecise and changing methods by which
kings’ reigns were noted on such monuments. The Egyptians did not make use
of a calendar based on a count of years from a single occurrence (e.g., the
Gregorian calendar marking the years since the birth of Christ), and the pharaohs
from the 11th Dynasty only counted years since their accession. This is further
complicated by the inability of the civil calendar to account for the extra quarter
day present in the astronomical year (i.e., the extra day in Gregorian leap years);
by the use of the regnal year notation; by the inconsistent assumption of only a
partial year (as measured from the civil New Year) as the first year of a reign;
and by the appearance of overlapping and geographically separate coregencies
(Gardiner, 1961; Shaw, 2000).
The first two of these problems were unsuccessfully addressed by
Ptolemy III (Decree of Canopus, 237 BC) and Augustus (Julian calendar, 30 BC),
and were not successfully rectified until the widespread adoption of Christianity.
The third complication, regnal year notation, reckoned the reign of a king with
reference to a cycle of biennial cattle counts, later becoming annual counts. The
fourth complication, inconsistent application of the regnal year, saw the kings
prior to the New Kingdom counting the remainder of their predecessor’s civil or
regnal year as their own. The New Kingdom kings began their regnal year on the
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date of their accession and later kings reverted to the older method (Gardiner,
1961). The last of these complications includes short, overlapping dynastic reigns
and long periods of national division, and is epitomised by the simultaneous rule
of Egypt’s Delta by the Hyksos, and Upper Egypt by the Theban kings, in the
Second Intermediate Period (Starr, 1991).
Thankfully, the entire chronology of Egypt is not so uncertain as these
obstacles would seem to imply. Three remaining sources of information attempt
to anchor certain points of Egyptian history in relation to our modern reckoning;
synchronicity with other Near Eastern histories, absolute dating of archaeological
material, and the so-called Sothic dates.
The Amarna Letters, a cache of royal foreign correspondence to
Akhenaten and his heirs during the short life of the capital city Akhetaten
(Amarna), and the Kadesh Treaty, a peace treaty between Ramesses II and the
Hittite king Hattusili III, are important examples of the Near East synchronisms
which can be cross-referenced with the accurately dated Assyrian Limmu and
King Lists (High, 2009).
Chronologists have supplemented literary and monumental sources with
relative and radiometric dating of the archaeological record. While there is a
continuing debate over the utility of radiocarbon dating, compared to the
perceived exactitude of textual sources (Manning, 2006), there have been
numerous applications of C-14 dating that confirm the ranges of the accepted
chronologies (e.g., Ramsey et al., 2010). Key to the precise dating of
archaeological remains is calibration of the results to environmental radiocarbon
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fluctuations in and around Egypt, and calibration curves have been developed
and refined to this end (Reimer et al., 2004; Manning, 2006; Reimer et al., 2009).
Reuse of old (at the time of its use) wood, however, is a common problem
complicating C-14 dating in Egypt (Manning, 2006), owing to the scarcity of
native wood. Dendrochronology is also affected by the use of old wood, but the
primary hurdle for Egyptian dendrochronology is the lack of distinct growth rings
in most of the native tree species, limiting dendrochronology to imported woods
such as Lebanese cedar (Cichocki, 2006).
Astronomical references to the rising of Sothis (Sirius), coinciding with the
civil New Year, provide several more firm dates in Egyptian history. They serve to
anchor individual years in the reigns of three pharaohs to dates calculated to
within 5 years of the occurrence (Gardiner, 1961). Unfortunately, there are
problems with some of the ancient observations and calculations, reducing the
utility of this source (Shaw, 2000; O’Mara, 2003). The difference between the
length of the Sothic cycle in Egyptian years (1459) and Julian years (1460),
alone, results in an 8 to 12 year difference over time (O’Mara, 2003). The
definition of the beginning of the Egyptian day, either at first light or an hour later
at first flash, and the atmospheric observations conditions, in a hazier, less arid
Egyptian past, have similar repercussions for accuracy and precision (O’Mara,
2003). Finally, one of the key recorders of a Sothic event, the Roman writer
Censorinus, may well have falsified his Sothic date to coincide with a centenary
falling on his rich patron’s birthday (O’Mara, 2003).
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Accounting for all of these factors, Egyptologists have developed a “rubber

chronology” (Otten, 1973 in High, 2009) in which the overall sequence is agreed
upon but may be subject to further manipulation to reconcile findings of
coregencies and increasingly reliable radiometric dating (Ramsey et al., 2010).
Several alternative chronologies have been proposed (Velikovsky 1952, 1978;
Rohl, 1995), but have met with considerable criticism and are not widely
accepted. The chronology of Egypt used in the current endeavour (below) is that
found in The Oxford History of Ancient Egypt (Shaw, 2000), which draws
together multiple lines of evidence from important studies such as Gardiner’s
(1961) detailed examination of military and monumental history and Trigger and
colleagues’ (1983) social history of Egypt.
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Map	
  B2:	
  Egypt’s	
  Neighbours	
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Map	
  B3:	
  Egypt’s	
  Foreign	
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Appendix C – Excerpts from Classical Authors
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1) Herodotus of Halicarnassus, History, Book II, paragraph 18
Section regarding the extent of Egypt:
My judgment as to the extent of Egypt is confirmed by an oracle
delivered at the shrine of Ammon, of which I had no knowledge at all until after I
had formed my opinion. It happened that the people of the cities Marea and Apis,
who live in the part of Egypt that borders on Libya, took a dislike to the religious
usages of the country concerning sacrificial animals, and wished no longer to be
restricted from eating the flesh of cows. So, as they believed themselves to be
Libyans and not Egyptians, they sent to the shrine to say that, having nothing in
common with the Egyptians, neither inhabiting the Delta nor using the Egyptian
tongue, they claimed to be allowed to eat whatever they pleased. Their request,
however, was refused by the god, who declared in reply that Egypt was the entire
tract of country which the Nile overspreads and irrigates, and the Egyptians were
the people who lived below Elephantine, and drank the waters of that river
(Herodotus, 2009[c.440BC]).
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2) Herodotus of Halicarnassus, History, Book II, paragraphs 86-90
Section regarding excerebration and evisceration in Egyptian mummification:
There are a set of men in Egypt who practice the art of embalming, and
make it their proper business. These persons, when a body is brought to them,
show the bearers various models of corpses, made in wood, and painted so as to
resemble nature. The most perfect is said to be after the manner of him whom I
do not think it religious to name in connection with such a matter; the second sort
is inferior to the first, and less costly; the third is the cheapest of all. All this the
embalmers explain, and then ask in which way it is wished that the corpse should
be prepared. The bearers tell them, and having concluded their bargain, take
their departure, while the embalmers, left to themselves, proceed to their task.
The mode of embalming, according to the most perfect process, is the following:They take first a crooked piece of iron, and with it draw out the brain through the
nostrils, thus getting rid of a portion, while the skull is cleared of the rest by
rinsing with drugs; next they make a cut along the flank with a sharp Ethiopian
stone, and take out the whole contents of the abdomen, which they then cleanse,
washing it thoroughly with palm wine, and again frequently with an infusion of
pounded aromatics. After this they fill the cavity with the purest bruised myrrh,
with cassia, and every other sort of spicery except frankincense, and sew up the
opening. Then the body is placed in natrum for seventy days, and covered
entirely over. After the expiration of that space of time, which must not be
exceeded, the body is washed, and wrapped round, from head to foot, with
bandages of fine linen cloth, smeared over with gum, which is used generally by
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the Egyptians in the place of glue, and in this state it is given back to the
relations, who enclose it in a wooden case which they have had made for the
purpose, shaped into the figure of a man. Then fastening the case, they place it
in a sepulchral chamber, upright against the wall. Such is the most costly way of
embalming the dead.
If persons wish to avoid expense, and choose the second process, the
following is the method pursued: Syringes are filled with oil made from the cedartree, which is then, without any incision or disembowelling, injected into the
abdomen. The passage by which it might be likely to return is stopped, and the
body laid in natrum the prescribed number of days. At the end of the time the
cedar-oil is allowed to make its escape; and such is its power that it brings with it
the whole stomach and intestines in a liquid state. The natrum meanwhile has
dissolved the flesh, and so nothing is left of the dead body but the skin and the
bones. It is returned in this condition to the relatives, without any further trouble
being bestowed upon it.
The third method of embalming, which is practised in the case of the
poorer classes, is to clear out the intestines with a clyster, and let the body lie in
natrum the seventy days, after which it is at once given to those who come to
fetch it away.
The wives of men of rank are not given to be embalmed immediately
after death, nor indeed are any of the more beautiful and valued women. It is not
till they have been dead three or four days that they are carried to the
embalmers. This is done to prevent indignities from being offered them. It is said
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that once a case of this kind occurred: the man was detected by the information
of his fellow-workman.
Whensoever any one, Egyptian or foreigner, has lost his life by falling a
prey to a crocodile, or by drowning in the river, the law compels the inhabitants of
the city near which the body is cast up to have it embalmed, and to bury it in one
of the sacred repositories with all possible magnificence. No one may touch the
corpse, not even any of the friends or relatives, but only the priests of the Nile,
who prepare it for burial with their own hands- regarding it as something more
than the mere body of a man- and themselves lay it in the tomb (Herodotus,
2009[c.440BC]).
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3) Diodorus Siculus. Library of History, Book 1, paragraph 91
Section regarding evisceration in Egyptian mummification:
But not least will a man marvel at the peculiarity of the customs of the
Egyptians when he learns of their usages with respect to the dead. For whenever
anyone dies among them, all his relatives and friends, plastering their heads with
mud, roam about the city lamenting, until the body receives burial. Nay more,
during that time they indulge in neither baths, nor wine, nor in any other food
worth mentioning, nor do they put on bright clothing. There are three classes of
burial, the most expensive, the medium, and the most humble. And if the first is
used the cost, they say, is a talent of silver, if the second, twenty minae, and if
the last, the expense is, they say, very little indeed. Now the men who treat the
bodies are skilled artisans who have received this professional knowledge as a
family tradition; and these lay before the relatives of the deceased a price-list of
every item connected with the burial, and ask them in what manner they wish the
body to be treated. When an agreement has been reached on every detail and
they have taken the body, they turn it over to men who have been assigned to
the service and have become inured to it. The first is the scribe, as he is called,
who, when the body has been laid on the ground, circumscribes on the left flank
the extent of the incision; then the one called the slitter cuts the flesh, as the law
commands, with an Ethiopian stone and at once takes to flight on the run, while
those present set out after him, pelting him with stones, heaping curses on him,
and trying, as it were, to turn the profanation on his head; for in their eyes
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everyone is an object of general hatred who applies violence to the body of a
man of the same tribe or wounds him or, in general, does him any harm.
The men called embalmers, however, are considered worthy of every honour and
consideration, associating with the priests and even coming and going in the
temples without hindrance, as being undefiled. When they have gathered to treat
the body after it has been slit open, one of them thrusts his hand through the
opening in the corpse into the trunk and extracts everything but the kidneys and
heart, and another one cleanses each of the viscera, washing them in palm wine
and spices. And in general, they carefully dress the whole body for over thirty
days, first with cedar oil and certain other preparations, and then with myrrh,
cinnamon, and such spices as have the faculty not only of preserving it for a long
time but also of giving it a fragrant odour. And after treating the body they return
it to the relatives of the deceased, every member of it having been so preserved
intact that even the hair on the eyelids and brows remains, the entire appearance
of the body is unchanged, and the cast of its shape is recognizable. This explains
why many Egyptians keep the bodies of their ancestors in costly chambers and
gaze face to face upon those who died many generations before their own birth,
so that, as they look upon the stature and proportions and the features of the
countenance of each, they experience a strange enjoyment, as though they had
lived with those on whom they gaze (Diodorus, 1933[c.50BC]).
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4) Porphyry. De Abstinentia.
Section regarding the treatment of internal organs in Egyptian mummification:
He says something like this, as Euphantos translated it from the language
of his homeland: ‘O Lord Sun and all the gods who give life to humans, receive
me and present me to the eternal gods to reside with them. The gods of whom
my parents told me I have reverenced for all the time I lived under their rule, and
I have always honoured those who begot my body. I have neither killed any other
human being, nor stolen from any what he had entrusted to me, nor done any
other unpardonable act [cf. the 42 negative confessions]. And if during my life I
have been at fault by eating or drinking something forbidden, I did not do it
myself, but through these,’ showing the box which contains the belly. Having said
this he throws it into the river, and embalms the rest of the body as being pure. In
this way they thought that a speech for the defense was owed to the divinity
about what they had eaten and drunk, and on account of this violence should be
done (Assmann, 2005: 83).
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Appendix D – Data Tables for IMPACT Sample

	
  

Table D1: Full IMPACT Sample

E - Elite, C = Commoner
I = Indeterminate
A = Transabdominal, P = Transperineal
M = Male, F = Female
NK = New Kingdom, MK = Middle Kingdom, 3IP = Third Intermediate Period, Late = Late Period, Ptol = Ptolemaic Period, Rom = Roman Period
Negative dates are BC, Positive dates are AD
L = Left, R = Right
Primary Data Assessed in Synthetic Study

IMPACT
Lower Upper Lower Upper
Evisc
Excer
Sex Age
Period
Status
Site
Eviscerated Route Excerebrated Route
Reference
ID
Age
Date Date Dynasty
1
M
30
76
-747 -525
25/26
3IP/Late
I
Thebes
Y
A
Y
TNC IMPACT Database. 2011. 1, G Natale IMP00001:1-4
2
F
18
29
-1069 -945
3IP
I
Deir el-Bahari
Y
P
N
IMPACT Database. 2011. 2, A Nelson, IMP00002:1-5
3
I
0
0.5
-30
395
Rom
I
Y
I
I
IMPACT Database. 2011. 3, A Nelson, IMP00003:1-5
4
M
6
11
C
N
N
IMPACT Database. 2011. 4, A Nelson, IMP00004:1-8
5
F
30
35
-945 -715
22
3IP
C
Thebes
Y
A
Y
TNC IMPACT Database. 2011. 5, A Nelson, IMP00005:1-8
6
F
30
89
-30
395
Rom
E
Y
I
Y
TNC IMPACT Database. 2011. 6, A Nelson, IMP00006:1-3
7
F
30
60
-664 -332
Late
E
Y
A
Y
TNC IMPACT Database. 2011. 7, G Conlogue, IMP00007:1-11
8
F
20
34
-332
-30
Ptol
C
N
N
IMPACT Database. 2011. 8, A Nelson, S Saunders, IMP00008:1-2
9
F
40
99
-664 -525
26
Late
I
I
I
TFC? IMPACT Database. 2011. 9, A Nelson, A Genois, IMP00009:1-2
10
F
30
50
230
380
Rom
E
Thebes
Y
P
N
IMPACT Database. 2011. 10, B Lawson, A Wade, IMP00010:1-2
11
M
20
30
-1550 -1069
NK
E
Thebes
Y
A
Y
TNC IMPACT Database. 2011. 11, B Lawson, A Wade, IMP00011:1-10
12
F
18
24
-332
-30
Ptol
E
Y
P
Y
TNC IMPACT Database. 2011. 12, B Lawson, A Wade, IMP00012:1-10
21
M
11
14
-747 -664
25
3IP
C
Y
I
I
TFC? IMPACT Database. 2011. 21, J Johnson, IMP00021:1-2
22
F
1
2
E
Thebes
I
N
IMPACT Database. 2011. 22, G Conlogue, IMP00022:1-2
24
F
17
35
-360
-110
Late/Ptol
I
I
Y
TNC IMPACT Database. 2011. 24, M Smith, IMP00024:1-3
25
F
35
50
-747 -664
25
3IP
E
Y
A
Y
TNC IMPACT Database. 2011. 25, B Keisling, IMP00025:1-26
27
M
40
59
-30
395
Rom
I
Y
I
I
IMPACT Database. 2011. 27, G Rossi, IMP00027:1-3
28
F
35
45
-664 -332
Late
I
I
I
IMPACT Database. 2011. 28, G Rossi, IMP00028:1-4
29
M
35
40
-664 -525
26
Late
E
Edfu
Y
A
I
IMPACT Database. 2011. 29, G Rossi, IMP00029:1
30
F
12
17
I
N
I
IMPACT Database. 2011. 30, M Teschler-Nicola, IMP00030:1
31
F
5
9
-945 -715
22
3IP
E
Gurneh
I
I
IMPACT Database. 2011. 31, A Nelson, IMP00031:1-9
32
M
-945 -715
22
3IP
I
I
I
IMPACT Database. 2011. 32, B Sampsell, IMP00032:1-25
33
I
3.6
6.3
-400 -101
Late
I
Fayum
I
I
IMPACT Database. 2011. 33, D Huyge, IMP00033:1-5
35
F
-30
395
Rom
C
Antinopolis
N
N
IMPACT Database. 2011. 35, D Huyge, IMP00035:1-3
36
I
6
10
I
I
I
IMPACT Database. 2011. 36, D Huyge, IMP00036:1-5
40
M
18
99
-332
395
Ptol/Rom
I
Abydos
Y
I
I
IMPACT Database. 2011. 40, D Huyge, IMP00040:1-9
41
I
18
32
-332
395
Ptol/Rom
I
Hawara
I
I
IMPACT Database. 2011. 41, D Huyge, IMP00041:1-5
42
I
18
99
-1069 -945
21
3IP
I
Thebes
I
Y
TNC IMPACT Database. 2011. 42, D Huyge, IMP00042:1-2
43
F
30
99
-664 -332
Late
I
Thebes
I
N
IMPACT Database. 2011. 43, D Huyge, IMP00043:1-7
44
I
24
99
-664 -332
Late
I
Thebes
I
I
IMPACT Database. 2011. 44, D Huyge, IMP00044:1-6
55
I
6
13
I
Y
I
Y
TNC IMPACT Database. 2011. 55, D Huyge, IMP00055:1-6
58
F
21
31
-30
395
Rom
I
Y
I
I
IMPACT Database. 2011. 58, A Cooke, IMP00058:1-2
59
F
17
21
-30
395
Rom
I
Y
I
Y
I
IMPACT Database. 2011. 59, A Cooke, IMP00059:1-6
60
M
17
21
-664 -450
21/22
Late
C
Y
I
I
IMPACT Database. 2011. 60, A Cooke, IMP00060:1-8
61
M
30
99
-664 -525
26
Late
C
Thebes
Y
I
N
IMPACT Database. 2011. 61, A Cooke, IMP00061:1-5
62
M
30
40
I
Y
I
I
IMPACT Database. 2011. 62, A Cooke, IMP00062:1-6
65
M
21
31
-332
-30
Ptol
E
Y
I
Y
TNC IMPACT Database. 2011. 65, A Cooke, IMP00065:1-6
66
F
31
99
-664 -450
21/22
Late
E
Thebes
Y
I
I
IMPACT Database. 2011. 66, A Cooke, IMP00066:1-5
69
M
15
17
-332
-30
Ptol
E
Hissayeh
Y
I
I
IMPACT Database. 2011. 69, A Cooke, IMP00069:1-5
70
M
30
99
-332
-30
Ptol
I
Y
I
I
IMPACT Database. 2011. 70, A Cooke, IMP00070:1-6
71
M
30
99
-332
-30
Ptol
I
Akhmim
Y
A
I
IMPACT Database. 2011. 71, A Cooke, IMP00071:1-6
72
M
21
31
I
Y
I
I
IMPACT Database. 2011. 72, A Cooke, IMP00072:1-6
73
F
30
99
-664
395
Late/Ptol/Rom
I
Kostamneh, Nubia
Y
I
I
IMPACT Database. 2011. 73, A Cooke, IMP00073:1-8
74
I
18
40
-664 -525
26
Late
I
I
N
IMPACT Database. 2011. 74, A Cooke, IMP00074:1
78
F
40
99
-540 -355
Late
E
Y
P
Y
TNC IMPACT Database. 2011. 78, B Craig, IMP00078:1-13
79
M
30
50
-95
212
Ptol/Rom
E
Awam, Nubia
Y
A
Y
TNC IMPACT Database. 2011. 79, B Craig, IMP00079:1-16
81
F
30
55
-100
-1
Ptol/Rom
E
Y
A
Y
TNC IMPACT Database. 2011. 81, A Habu, IMP00081:1-13
82
F
40
66
I
Thebes
I
N
IMPACT Database. 2011. 82, S King, IMP00082:1-14
83
F
28
35
-1550 -945
18-21
NK/3IP
I
Thebes?
N
N
IMPACT Database. 2011. 83, S King, IMP00083:1-14
84
M
30
99
-2010 -1961 11/12
MK
E
Deir el-Bersha
I
Y
TNC IMPACT Database. 2011. 84, D Doxey, IMP00084:1-2
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Table D2: IMPACT Excerebration Sample

M = Male, F = Female
E - Elite, C = Commoner
I = Indeterminate
A = Transabdominal, P = Transperineal
NK = New Kingdom, MK = Middle Kingdom, 3IP = Third Intermediate Period, Late = Late Period, Ptol = Ptolemaic Period, Rom = Roman Period
Negative dates are BC, Positive dates are AD
L = Left, R = Right
Primary Data Assessed in Synthetic Study

IMPACT
Lower Upper Lower Upper
Excer
TransTransID
Age
Date Date Dynasty Period Status
Sex Age
Site
Excerebrated Route Side ethmoid sphenoid
Other Damage
1
M
30
76
-747 -525
25/26 3IP/Late
I
Thebes
Y
TNC
L
Y
Y
L sup nasal concha
2
F
18
29
-1069 -945
3IP
I
Deir el-Bahari
N
3
I
0
0.5
-30
395
Rom
I
I
4
M
6
11
C
N
5
F
30
35
-945 -715
22
3IP
C
Thebes
Y
TNC
R
Y
N
N
6
F
30
89
-30
395
Rom
E
Y
TNC
L
Y
Y
L sup nasal concha, vomer, L lacrimal, L maxilla
7
F
30
60
-664 -332
Late
E
Y
TNC
L
Y
Y
L sup nasal concha, vomer, L lacrimal, L maxilla
8
F
20
34
-332
-30
Ptol
C
N
9
F
40
99
-664 -525
26
Late
I
I
TFC?
10
F
30
50
230
380
Rom
E
Thebes
N
11
M
20
30
-1550 -1069
NK
E
Thebes
Y
TNC
L
Y
N
L sup nasal concha
12
F
18
24
-332
-30
Ptol
E
Y
TNC
R
Y
Y
R sup nasal concha, vomer
21
M
11
14
-747 -664
25
3IP
C
I
TFC?
22
F
1
2
E
Thebes
N
24
F
17
35
-360
-110
Late/Ptol
I
Y
TNC
R
Y
N
vomer, R nasal
25
F
35
50
-747 -664
25
3IP
E
Y
TNC
L
Y
N
N
31
F
5
9
-945 -715
22
3IP
E
Gurneh
I
32
M
-945 -715
22
3IP
I
I
35
F
-30
395
Rom
C
Antinopolis
N
36
I
6
10
I
I
42
I
18
99
-1069 -945
21
3IP
I
Thebes
Y
TNC
L
43
F
30
99
-664 -332
Late
I
Thebes
N
55
I
6
13
I
Y
TNC
L
Y
Y
59
F
17
21
-30
395
Rom
I
Y
I
61
M
30
99
-664 -525
26
Late
C
Thebes
N
65
M
21
31
-332
-30
Ptol
E
Y
TNC
R
Y
I
I
74
I
18
40
-664 -525
26
Late
I
N
78
F
40
99
-540 -355
Late
E
Y
TNC
R
Y
Y
N
79
M
30
50
-95
212
Ptol/Rom
E
Awam, Nubia
Y
TNC
L
Y
N
vomer, R ethmoid
81
F
30
55
-100
-1
Ptol/Rom
E
Y
TNC
L
Y
N
N
82
F
40
66
I
Thebes
N
83
F
28
35
-1550 -945
18-21
NK/3IP
I
Thebes?
N
84
M
30
99
-2010 -1961 11/12
MK
E
Deir el-Bersha
Y
TNC
L
Y
Y
L sup nasal concha, vomer
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TNC Lesion
Volume (cc)
23.32

16.048
42.636
22.032

11.97
12.502

12.15

15.048
25.636
11.232

40.128

TNC Lesion
Area (cm2)
4.4

2.72
6.27
4.08

2.85
2.66

4.05

2.28
4.42
2.08

6.27

Cranial Resin Nasal
Volume (cc) Tampon
Notes
0
R
N
N
0
N
N
head reattached
linen
0
L, R
mouth & throat packing
linen, resin
657
L
resin
543
N
mouth packing
N
N
N
N
mouth packing
N
0
N
dental filling
resin
216
N
mouth packing
N
0
N
N
0
N
resin
1095
N
detached head
resin
1351
N
I
N
N
I
I
I
I
detached head
I
resin
I
resin
I
I
I
N
I
resin
496
L
resin volume is rough estimate
N
0
N
resin
1160
L, R
single nasal tampon in both nostrils
N
N
N
0
N
occipital hole

Cranial
Packing
N

Table D2: IMPACT Excerebration Sample (cont'd)

IMPACT
Meni
Falx
Tentorium
ID
Brain nges Cerebrum Cerebelli
1
N
N
N
N
2
Y
Y
Y
Y
3
N
N
N
N
4
P
Y
Y
N
5
N
Y
Y
Y
6
N
Y
Y
Y
7
N
N
N
N
8
P
Y
N
N
9
P
Y
Y
N
10
P
Y
Y
Y
11
N
N
N
N
12
N
N
N
N
21
P
Y
N
N
22
Y
Y
Y
N
24
N
Y
Y
N
25
N
Y
N
N
31
N
I
I
I
32
N
N
N
N
35
Y
I
I
I
36
N
I
I
I
42
N
I
I
I
43
Y
I
I
I
55
N
I
I
I
59
N
I
I
I
61
Y
I
Y
I
65
N
I
I
I
74
Y
I
I
I
78
N
N
N
N
79
N
N
N
N
81
N
N
N
N
82
Y
N
N
N
83
Y
Y
Y
Y
84
N
N
N
N
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Table D3: IMPACT Evisceration Sample

I = Indeterminate
E - Elite, C = Commoner
M = Male, F = Female
A = Transabdominal, P = Transperineal
NK = New Kingdom, MK = Middle Kingdom, 3IP = Third Intermediate Period, Late = Late Period, Ptol = Ptolemaic Period, Rom = Roman Period
Negative dates are BC, Positive dates are AD
L = Left, R = Right
Primary Data Assessed in Synthetic Study
H = Hypochondrial, In = Inguinal
D = Diagonal, V = Vertical

IMPACT
Lower Upper Lower Upper
ID
Age
Date Date Dynasty
Sex Age
Period
Status
Site
Eviscerated Route Side Position Angle length (mm) thoracic packing abdominal packing pelvic packing resin volume (cc)
1
M
30
76
-747 -525
25/26
3IP/Late
I
Thebes
Y
A
L
H
V
144
linen, resin
linen
linen
162
2
F
18
29
-1069 -945
3IP
I
Deir el-Bahari
Y
P
N
N
N
0
3
I
0
0.5
-30
395
Rom
I
Y
I
packets
linen
N
0
4
M
6
11
C
N
5
F
30
35
-945 -715
22
3IP
C
Thebes
Y
A
L
In
D
161
packets
packets
linen
478
6
F
30
89
-30
395
Rom
E
Y
I
I
I
linen
0
7
F
30
60
-664 -332
Late
E
Y
A
L
H
V
119
linen, packets
linen, packets
linen
6073
8
F
20
34
-332
-30
Ptol
C
N
9
F
40
99
-664 -525
26
Late
I
I
10
F
30
50
230
380
Rom
E
Thebes
Y
P
N
linen, external spices
N
0
11
M
20
30
-1550 -1069
NK
E
Thebes
Y
A
L
H
V
100
linen, resin
N
635
12
F
18
24
-332
-30
Ptol
E
Y
P
N
N
N
0
21
M
11
14
-747 -664
25
3IP
C
Y
I
N
N
linen, resin
0
22
F
1
2
E
Thebes
I
N
N, external spices
N
0
25
F
35
50
-747 -664
25
3IP
E
Y
A
L
H
V
packets
N
N
1826
27
M
40
59
-30
395
Rom
I
Y
I
packet
packet
N
29
M
35
40
-664 -525
26
Late
E
Edfu
Y
A
L
H
I
N
Y
N
0
30
F
12
17
I
N
32
M
-945 -715
22
3IP
I
I
I
I
I
33
I
3.6
6.3
-400 -101
Late
I
Fayum
I
I
I
I
35
F
-30
395
Rom
C
Antinopolis
N
N
N
N
36
I
6
10
I
I
I
I
I
40
M
18
99
-332
395
Ptol/Rom
I
Abydos
Y
I
packets
N
linen
55
I
6
13
I
Y
I
packets
packet
Y
58
F
21
31
-30
395
Rom
I
Y
I
packets
packet
Y
59
F
17
21
-30
395
Rom
I
Y
I
linen
linen
linen
60
M
17
21
-664 -450
21/22
Late
C
Y
I
Y
Y
Y
61
M
30
99
-664 -525
26
Late
C
Thebes
Y
I
Y
Y
N
62
M
30
40
I
Y
I
packets
Y
N
65
M
21
31
-332
-30
Ptol
E
Y
I
packets
linen
linen
66
F
31
99
-664 -450
21/22
Late
E
Thebes
Y
I
linen, resin
linen, resin
linen, resin
69
M
15
17
-332
-30
Ptol
E
Hissayeh
Y
I
N
packets
N
70
M
30
99
-332
-30
Ptol
I
Y
I
straw
linen
linen
71
M
30
99
-332
-30
Ptol
I
Akhmim
Y
A
L (med)
H
I
packet
linen
N
72
M
21
31
I
Y
I
N
linen
N
73
F
30
99
-664
395
Late/Ptol/Rom
I
Kostamneh, Nubia
Y
I
N
N
N
78
F
40
99
-540 -355
Late
E
Y
P
N
N
linen
79
M
30
50
-95
212
Ptol/Rom
E
Awam, Nubia
Y
A
L
H
V
90-100
N
N
N
81
F
30
55
-100
-1
Ptol/Rom
E
Y
A
L
H
V
packets
linen
linen
82
F
40
66
I
Thebes
I
N
N
N
83
F
28
35
-1550 -945
18-21
NK/3IP
I
Thebes?
N
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Table D3: IMPACT Evisceration Sample (cont'd)

IMPACT
Urinary
Anal
Vaginal Perineal
ID
Plug
# of packets Heart Lungs Liver Stomach Intestines Kidneys Diaphragm Diaph inc exc Pericardium Bladder Tampon Tampon
Notes
1
0
N
N
N
N
N
I
Y
L inc, R inc
Y
N
N
N
abdominal gilding
2
N
N
N
N
N
N
Y
L inc, R inc
Y
N
Y
Y
N
3
3
N
N
N
N
N
N
N
N
N
N
4
Y
Y
Y
Y
Y
Y
Y
N
Y
Y
N
N
N
5
4
N
N
N
N
N
N
N
L exc, R exc
N
N
N
N
N
additional pelvic resin
6
0
N
N
N
N
N
N
N
N
N
N
N
N
damaged, probable L abdominal inguinal incision
7
5
N
N
N
N
N
N
Y
L inc, R inc
Y
N
N
N
N
8
N
N
N
N
Y
N
Y
N
N
N
N
N
damaged
9
0
N
N
N
N
N
N
N
N
N
Y
N
N
damaged
10
0
N
N
N
N
N
L
N
L exc
Y
N
N
N
Y
11
3
Y
N
N
N
N
N
Y
I
Y
N
N
N
N
damaged
12
0
N
Y
N
N
N
N
Y
N
Y
N
N
N
Y
21
0
N
N
N
N
N
N
N
N
N
N
N
N
22
0
N
N
N
N
N
N
N
N
N
Y
N
N
25
3
I
N
N
N
N
N
I
Y
N
N
N
N
27
2
I
I
I
I
I
I
I
I
I
I
I
I
29
1
I
I
I
I
I
I
I
I
I
I
I
I
30
I
Y
Y
I
I
I
Y
I
I
I
I
I
32
I
N
N
N
N
N
N
I
N
I
I
I
33
N
N
N
N
N
N
N
N
N
I
I
I
35
I
I
I
I
I
I
I
I
I
I
I
I
36
N
N
N
N
N
N
N
N
N
I
I
I
damaged
40
2
I
N
I
I
I
I
I
I
I
I
I
I
55
4
I
N
I
I
I
I
I
I
I
I
I
I
58
6
I
N
N
N
N
I
I
I
N
I
I
I
59
I
N
N
N
N
I
I
I
N
I
I
I
60
I
N
N
N
N
I
I
I
N
I
I
I
61
I
N
N
N
N
I
I
I
I
I
I
I
large opacity in sup R thorax, packet between thighs
62
3
I
N
N
N
N
I
I
I
I
I
I
I
65
2
I
N
N
N
N
I
I
I
I
I
I
I
66
I
N
N
N
N
I
I
I
N
I
I
I
69
2
I
I
N
N
N
I
I
I
I
I
I
I
70
N
I
N
N
N
I
I
I
I
I
I
I
heart replaced with straw bundle
71
1
I
N
N
N
N
I
I
I
I
I
I
I
incision plate slightly medial
72
I
I
N
N
N
I
I
I
I
I
I
I
73
I
N
N
N
N
I
I
I
I
I
I
I
78
0
N
N
N
N
N
N
N
N
N
N
N
N
79
0
N
N
N
N
N
N
N
N
N
N
N
N
resin pour exterior thorax & pelvis (1161cc)
81
2
Y
N
N
N
N
I
N
Y
N
N
N
N
82
0
N
N
N
N
N
N
N
N
N
N
N
N
damaged
83
Y
N
Y
I
Y
I
Y
N
Y
I
N
N
N
exterior abdominal packing
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17

17
30
30

21

31
15
30
30
21
30
18
40
30
30
40
28

59 F

60 M
61 M
62 M

65 M

66
69
70
71
72
73
74
78
79
81
82
83

-332

-664
-664

99 -664
17 -332
99 -332
99 -332
31
99 -664
40 -664
99 -540
50
-95
55 -100
66
35 -1550

31

21
99
40

Rom

Rom

Ptol/Rom
Ptol/Rom
Late
Late

22 3IP
Late
Rom

26 Late

25 3IP
Rom
Late

22 3IP
Rom
Late
Ptol
26 Late
Rom
NK
Ptol
25 3IP

-945

395
-525
-355
212
-1

Late
Ptol
Ptol
Ptol

Ptol

E

C
C
I

I

I
I
I
C
I
I
I
I
I
I
I

E

Status
I
I
I
C
C
E
E
C
I
E
E
E
C
E
E
I
I

E
E
I
I
I
Late/Ptol/Rom I
26 Late
I
Late
E
Ptol/Rom
E
Ptol/Rom
E
I
18-21
NK/3IP
I

-450 21/22
-30
-30
-30

-30

-450 21/22
Late
-525
26 Late

395

395

-30
-30

395
395
-332
-332

-715
-101
395

-525

-664
395
-332

-332
-332
-664
-664

-945
-400
-30

-664

-747
-30
-664

-945 -715
-30
395
-664 -332
-332
-30
-664 -525
230
380
-1550 -1069
-332
-30
-747 -664

Lower Upper
Date Date Dynasty
Period
-747 -525 25/26
3IP/Late
-1069 -945
3IP
-30
395
Rom

N

N
N
N

N

N
N
N
I
N
I
N
N
N
N
N

Y

Incision
Plate
N
N
N
N
metal
N
N
N
N
cartonnage
N
N
N
N
N
I
I

N
N
N
Akhmim
linen, resin
N
Kostamneh, Nubia N
I
N
Awam, Nubia
N
linen, resin
Thebes
N
Thebes?
N

Thebes
Hissayeh

Thebes

Abydos
Hawara
Thebes
Thebes

Fayum
Antinopolis

Edfu

Thebes

Thebes
Thebes

Thebes

Site
Thebes
Deir el-Bahari

N
N
N
cartonnage
N
N
I
N
N
N
N
N

N

N
N
N

N

N
N
N
N
N
N
N
N
N
N
N

faience

Pectoral
N
N
N
N
metal
N
N
N
N
N
N
N
N
N
cartonnage
N
N

N
N
N
N
N
N
I
N
N
N
N
N

N

N
N
N

N

N
N
N
I
N
N
N
N
N
N
N

faience

Heart
Scarab
N
N
N
N
stone
N
N
N
N
N
N
N
N
N
N
N
N

I
N
N
N
N

I
I

I

I
I

I

I

I

N

Table D4: IMPACT Artefacts

Type

faience bead net, Duamutef figurine, Imseti figurine, Hapi figurine,
Qebehsenuef figurine, stone scarab

cartonnage mask, apron, foot plaques
cartonnage mask
plaster mask
cartonnage apron

impression on stomach & L hand position indicate missing items
metal chain, bead line

djed pillar amulet

painted cartonnage amulets (Hapi, Duamutef, Imseti, Qebehsenuef, Isis,
Nephthys)

1 faience bead mask

6 metal ring, palm fibre garland, cartonnage mask, plaque x2, footbox
32 amulets
3 cartonnage mask, apron

6

1 gilded wood Hapi amulet
gilded wood amulets (wedjat x2, sun disk x2, tablet for papyrus sceptre
x2, Anubis?, Isis, Osiris, Nephthys, Horus?, heart, djed pillar, claw x2)
1 cartonnage mask
16

1 bead net (116 tubular beads loose)
1 5 tubular beads (rewrapped same time as 43?)

1 bead net

1 cartonnage mask
1 cartonnage mask
1 cap, textile roll, small ovoid object

6

Other
Artefacts
N
N
N
N
1
N
Y?
2
N
N
N
4
1
1
1
I
I

M = Male, F = Female
E - Elite, C = Commoner
I = Indeterminate
A = Transabdominal, P = Transperineal
NK = New Kingdom, MK = Middle Kingdom, 3IP = Third Intermediate Period, Late = Late Period, Ptol = Ptolemaic Period, Rom = Roman Period
Negative dates are BC, Positive dates are AD
L = Left, R = Right
Primary Data Assessed in Synthetic Study

F
M
M
M
M
F
I
F
M
F
F
F

10
99
32
99
99
13
31

6
18
18
30
24
6
21

21

17

6.3

12

3.6

F
M
I
F
I
M
I
F
I
I
F

30
32
33
35
36
40
41
43
44
55
58

40

Lower Upper
Age
Age
30
76
18
29
0
0.5
6
11
30
35
30
89
30
60
20
34
40
99
30
50
20
30
18
24
11
14
1
2
35
50
40
59
35
45

35

Sex
M
F
I
M
F
F
F
F
F
F
M
F
M
F
F
M
F

29 M

IMPACT
ID
1
2
3
4
5
6
7
8
9
10
11
12
21
22
25
27
28
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IMPACT Radiology Mummy Database (“IMPACT”)
Individual Contributor License Agreement (“CLA”)
The IMPACT Database is represented by:
Organisation:

Represented by:
E-mail:
Tel.:

Internet-based Mummy Picture Archiving Communication
Technology (IMPACT) Radiological Mummy Database,
managed by The University of Western Ontario, London,
Ontario, Canada
Dr. A.J. Nelson, Director
anelson@uwo.ca
+1 (519) 661 2111 x.85101

Thank you for your interest in contributing to IMPACT (the “Project”), based at The
University of Western Ontario (the “University”). In order to confirm the intellectual
property license granted with Contributions (as defined below), the University must
receive a signed Contributor License Agreement (“CLA”) from each Contributor. The
CLA is your protection as a Contributor as well as the protection of the University and
the Project’s users: it does not prevent you from using your own Contributions for any
other purpose.
If you have not already done so, please complete and send an original signed CLA to
Research Development Services, 1393 Western Road, Support Services Building, Room
5150, London, Ontario, N6G 1G9, Canada. Please read this document carefully before
signing and keep a copy for your records.
Contributor Full name:
Mailing Address:
Telephone:
Facsimile:
E-Mail:

Institution or Employer Name:
Business Contact Name:
Address:
Telephone:
Facsimile:
You agree as follows:
1. Definitions. “You” (or “Your”) shall mean the person or legal entity that is entering into
this CLA with the University. “Contribution” shall mean any original work of imaging
datasets, including any modifications or additions to an existing work, that is
intentionally submitted by You to the University for open access inclusion in, or
documentation of, the Project and/or any Work. For the purposes of this definition,
“submitted” means any form of electronic, verbal, or written communication sent to the
University for the purpose of discussing and improving the Project and/or the Work, but

339
excluding communication that is conspicuously marked or otherwise designated in
writing by You as “Not a Contribution”. “Work” shall mean any output of the Project,
which may include the Contribution and/or contributions made by third parties.
2. Grant of Copyright License to the University. Subject to the terms and conditions of
this CLA, You hereby grant to the University a perpetual worldwide, non-exclusive, nocharge, royalty-free, irrevocable copyright licence to provide online access, in a thinclient environment, to Your Contributions and any such derivative works.
3. The University will grant access to You to Your Contribution when requested, without full
committee review, subject to server traffic and end-user scheduling.
4. Grant of Copyright License to Recipients of the Work. Subject to the terms and
conditions of this CLA, You hereby grant to the recipients of the Work managed by the
University a perpetual worldwide, non-exclusive, no-change, royalty-free, irrevocable
copyright licence to prepare, reproduce, publicly display, publicly perform, sublicense,
and distribute any derivative works.
5. Grant of License. Subject to the terms and conditions of this CLA, You hereby grant to
the University and to recipients of the Work distributed by the University a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable (except as stated in this
section) license to make, have made, use, offer to sell, sell, import, and otherwise
transfer the Work, where such licence applies only to those patent claims licensable by
You that are necessarily infringed by Your Contribution(s) alone or by combination of
Your Contribution(s) with the Work.
6. You and/or Your employer(s) represent that You are legally entitled to grant the above
licence. If Your employer(s) has rights to intellectual property that You create that
includes Your Contributions, You represent that You have received permission to make
Contributions on behalf of that employer, that your employer has waived such rights for
Your Contributions to the University, or that Your employer has executed a separate
Corporate CLA with the University.
7. You represent that each of Your Contributions is Your original creation (see section 8 for
submissions on behalf of others). You represent that Your Contribution submissions
include complete details of any third-party licence or other restriction (including, but not
limited to, related patents and trademarks) of which You are personally aware and which
are associated with any part of Your Contributions.
8. You shall notify the University of any facts or circumstances of which you become aware
that would or may make the warranties and representations provided by You pursuant to
this CLA inaccurate in any respect.
9. You are not expected to provide support for Your Contributions, except to the extent You
desire to provide support. Unless separately agreed in writing by the University, any
support You provide to the University shall be provided free.
10. Should you wish to submit the work that is not Your original creation, You may submit it
to the University separately from any Contribution, identifying the complete details of its
source and if any licence or other restriction (including, but not limited to, related patents,
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trademarks, and license agreements) of which You are personally aware, and
conspicuously marking the work as “Submitted on behalf of a third-party: [named here]”.
11. In return for your grant of a licence to use Your Contribution as set out in this CLA, the
University agrees that any licences/sub-licences of the Work issued by it in connection
with the Project shall be open source licences.
121 The University shall not be liable in the event that all or part of a Contribution is lost.
The University shall not be liable for any damage or losses resulting from acts or
omissions by third parties to whom the University has made the dataset available,
including indirect, consequential or special damages as may be suffered.
132. (a) This CLA shall come into effect on the date on which the University receives the
dataset (hereafter the “Contribution Date”) and shall remain valid for an indefinite period.
Cancellation of this CLA is subject to a period of notice of six months by either party, and
notice shall be given in writing.
(b) Notwithstanding point (a), this CLA shall end when the Contribution is removed from
the data archive.
14. This CLA shall be governed by the laws of the province of Ontario, Canada and shall
have exclusive jurisdiction to hear any disputes arising out of or in connection with it.
AGREED BY:
Contributor:
Please sign: _________________________________ Date: ____________________
Name:
Title:
Institutional Signature:
(authorized signatory of the Institution)
Please sign: _________________________________ Date: ____________________
Name:
Title:
The University of Western Ontario
(authorized signatory of the University)
____________________________________ Date: ____________________
Name:
Title:
____________________________________ Date: ____________________
Dr. Andrew Nelson
Director
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Academic Permissions
12 January 2012 04:05
To: Andrew Wade
Dear Andrew,
Thank you for your enquiry. You have our permission to use the OUP Material
you list in your email below in your thesis for submission to University of Western
Ontario. If at some future date your thesis is published it will be necessary to reclear this permission. Please also note that if the material to be used is
acknowledged to any other source, you will need to clear permission with the
rights holder.
Best wishes,
Ben Kennedy
Permissions Manager
Academic Rights & Journals
Permissions
Oxford University Press
Great Clarendon Street
Oxford
OX2 6DP
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Sent: 12 January 2012 00:29
To: Academic Permissions
Subject: Academic Permissions Request Form
0_URL

/academic/rights/permissions/request

Z_firstname

Andrew

Z_lastname

Wade

Z_Company

University of Western Ontario

Z_Address

Social Science Centre
London, ON

Z_zip

N6A 5C2

Z_PhoneNo
Z_country

Canada

Z_FaxNo
Z_Email
Z_VATnumber
Z_TheirTitle

PhD Dissertation
Hearts and minds: Examining the evolution of the Egyptian excerebration and
evisceration traditions through the IMPACT mummy database

Z_Author

Andrew Wade

Z_Publisher

University of Western Ontario

Z_Covers

Hard

Z_PrintRunHard 8
Z_pubDate

May 2012

Z_Territory

Canada

Z_Language

English

Z_Notes

For inclusion in appendix

Z_Media1

text

Z_Author1

Ian Shaw

Z_Title1

The Oxford History of Ancient Egypt

Z_editedby1

Ian Shaw

Z_Material1

Chronology appendix - 5pgs

Z_ISBN1

978-019815034

Z_OUPpubDate1 14 Dec 2000
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